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Low-Power Microcontrollers for Battery-Friendly Design 


Microchip Offers Lowest Currents for Active and Sleep Modes 
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Extend the battery life in your application using PIC° microcontrollers with nanoWatt GET STARTED IN 3 EASY STEPS 


XLP Technology and get the industry’s lowest currents for Active and Sleep modes. 
ere : ’ 1. View the Low Power Comparison 


Microchip's new peripheral-rich PIC12F182X, PIC16F182X and PIC16F19XX families offer active videos 
currents of less than 50 yA and sleep currents down to 20 nA. These products enable you to create 


7 a 2. Download the Low Power 
battery-friendly designs that also incorporate capacitive touch sensing, LCD, communications and 


other functions which help differentiate your products in the marketplace. Tips'n Tricks 
3. Order samples and development 
Microchip's Enhanced Mid-range 8-bit architecture provides up to 50% increased performance tools 


and 14 new instructions that result in up to 40% better code execution over previous-generation 


www.microchip.com/XLP 
8-bit PIC16 MCUs. 


P1C12F182X and PIC16F182X families PIC16F19XX family includes: 

include: ° mlouch capacitive touch-sensing 

° Packages ranging from 8 to 64 pins ° LCD drive 

° mlouch™ capacitive touch-sensing ¢ Multiple communications peripherals 

° Multiple communications peripherals ¢ More PWM channels, with independent 

¢ Dual I?C™/SPI interfaces timers . 

© PWM outputs with independent time bases © Up to 28 KB of Flash program memory — | — 
ae signal addr ° Enhanced data EEPROM PIC16F193X ‘F1’ Evaluation Platform - DM164130-1 —— , 


° 32-level bandgap reference 
° Three rail-to-rail input comparators 


Intelligent Electronics start with Microchip 
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The Microchip name and logo, the Microchip logo and PIC are registered trademarks and mTouch is a trademark of Microchip Technology Incorporated in the U.S.A. and other countries. © 2010 Energizer. Energizer and other marks are trademarks 
owned by Energizer. All other trademarks mentioned herein are property of their respective companies. © 2010, Microchip Technology Incorporated, All Rights Reserved. ME257Eng/06.10 
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WARNING! 


The materials and works contained within EPE Online — which are made available 
by Wimborne Publishing Ltd and TechBites Interactive Inc — are copyrighted. You 
are permitted to make a backup copy of the downloaded file and one (1) hard 
copy of such materials and works for your personal use. 


International copyright laws, however, prohibit any further copying or 
reproduction of such materials and works, or any republication of any kind. 
TechBites Interactive Inc and Wimborne Publishing Ltd have used their best 
efforts in preparing these materials and works. However, TechBites Interactive Inc 
and Wimborne Publishing Ltd make no warranties of any kind, expressed or 
implied, with regard to the documentation or data contained herein, and 
specifically disclaim, without limitation, any implied warranties of merchantability 
and fitness for a particular purpose. Because of possible variances in the quality 
and condition of materials and workmanship used by readers, EPE Online, its 
publishers and agents disclaim any responsibility for the safe and proper 
functioning of reader-constructed projects based on or from information 
published in these materials and works. In no event shall TechBites Interactive Inc 
or Wimborne Publishing Ltd be responsible or liable for any loss of profit or any 
other commercial damages, including but not limited to special, incidental, 
consequential, or any other damages in connection with or arising out of 
furnishing, performance, or use of these materials and works. 
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Our May 2011 issue will be published on 
Thursday 14 April 2011, see page 80 for details. 
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Projects and Circuits 


45-SECOND VOICE RECORDER MODULE by Jim Rowe 

A design that can easily record two, four or eight different messages. 
MULTI-FUNCTION, INTELLIGENT REMOTE-CONTROLLED 
DIMMER by Mauro Grassi 


Use almost any RC5 remote with this versatile, low standby power marvel. 


PIR-TRIGGERED MAINS SWITCH by Jim Rowe 
Switch just about any plug-in mains-powered device using a PIR sensor. 


A QUICK’N’EASY DIGITAL SLIDE ‘SCANNER?’ by Brian Coulson 
A simple way to copy slides onto your computer’s hard drive. 


INGENUITY UNLIMITED 
Universal Remote Control Receiver — In control 


TECHNO TALK by Mark Nelson 
Decoding The Heavens 


MAX’S COOL BEANS by Max The Magnificent 
Sugar and space and all things nice... Elementary IC 
TEACH-IN 2011 by Mike and Richard Tooley 

Part 6: Logic circuits 


CIRCUIT SURGERY by lan Bell 
Collector-base feedback/bias 


PIC N’ MIX by Mike Hibbett 
Software development 


INTERFACE by Robert Penfold 
A simple analogue optical interface 


NET WORK by Alan Winstanley 
A cool billion... Getting started 


Regularsrandssehvices 


EDITORIAL 
Handmade chips 


NEWS - Barry Fox highlights technology’s leading edge 
Plus everyday news from the world of electronics 


MICROCHIP READER OFFER 
EPE Exclusive — Win a Microchip Microstick Development Board 


EPE PIC PROJECTS CD-ROM VOL.1 AND VOL.2 
A plethora of handP!Ced projects 


PIC RESOURCES CD-ROM 


EPE PIC Tutorial V2, plus PIC Toolkit Mk3 and a selection of PlC-related articles 


SUBSCRIBE TO EPE and save money 


CD-ROMS FOR ELECTRONICS 
A wide range of CD-ROMs for hobbyists, students and engineers 


READOUT Matt Pulzer addresses general points arising 


DIRECT BOOK SERVICE 
A wide range of technical books available by mail order, 
plus more CD-ROMs 


EPE PCB SERVICE 
PCBs for EPE projects 
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QUASAR 


electronics 


The Electronic Kit Specialists Since 1993 


PIC & ATMEL Programmers 


We have a wide range of low cost PIC and 
ATMEL Programmers. Complete range and 
documentation available from our web site. 


Programmer Accessories: 

40-pin Wide ZIF socket (ZIF40W) £14.95 
18Vdc Power supply (PSU120) £19.95 
Leads: Parallel (L_DC136) £3.95 / Serial 
(LDC441) £3.95 / USB (LDC644) £2.95 


NEW! USB & Serial Port PIC Programmer 
,; USB/Serial connection. 

Header cable for ICSP. 

@'a) Free Windows XP soft- 

=, ware. See website for PICs 
© supported. ZIF Socket and 

USB lead extra. 18Vdc. 

Kit Order Code: 3149EKT - £49.95 

Assembled Order Code: AS3149E - £59.95 

Assembled with ZIF socket Order Code: 

AS3149EZIF - £74.95 


NEW! USB ‘All-Flash' PIC Programmer 
USB PIC programmer for all 
‘Flash’ devices. No external 
power supply making it truly 
portable. Supplied with box and 
Windows XP Software. ZIF 
Socket and USB lead not incl. 
Assembled Order Code: AS3128 - £49.95 
Assembled with ZIF socket Order Code: 
AS3128ZIF - £64.95 


ATMEL iin Programmer 

Uses serial port and any 
standard terminal comms 
program. 4 LED’s display 
the status. ZIF sockets not 
included. Supply: 16Vdc. 
Kit Order Code: 3123KT - £28.95 

Assembled Order Code: AS3123 - £39.95 


Introduction to PIC Programming 
Go from complete beginner 
to burning a PIC and writing 
code in no time! Includes 49 
page step-by-step PDF 
Tutorial Manual, Program- 
ming Hardware (with LED 
test section), Win 3.11—XP Programming 
Software (Program, Read, Verify & Erase), 
and ‘1rewritable PIC16F84A that you can use 
with different code (4 detailed examples pro- 
vided for you to learn from). PC parallel port. 
Kit Order Code: 3081KT - £16.95 

Assembled Order Code: AS3081 - £24.95 


PIC Programmer Board 


Low cost PIC program- 
mer board supporting 
a wide range of Micro- 
chip® PIC™ microcon- * 
trollers. Requires PC 
serial port. Windows 
interface supplied. 
Kit Order Code: K8076KT - £39.95 


Quasar Electronics Limited 
PO Box 6935, Bishops Stortford 
CM23 4WP, United Kingdom 
Tel: 01279 467799 
Fax: 01279 267799 
E-mail: sales@quasarelectronics.com 


Web: www.quasarelectronics.com 


01279 


(Up to 0.5Kg gross weight): UK Standard 3-7 Day 
Delivery - £4.95; UK Mainland Next Day Delivery - £11.95; Europe (EU) - 
£11.95; Rest of World - £14.95 (up to 0.5Kg). 


We accept all major credit/debit cards. Make cheques/PO’s 


Credit Card 
Sales 


PIC Programmer & Experimenter Board 


The PIC Programmer & 
Experimenter Board with 
test buttons and LED indi- 
cators to carry out educa-_ | 
tional experiments, such as 7 
the supplied programming examples. In- 
cludes a 16F627 Flash Microcontroller that 
can be reprogrammed up to 1000 times for 
experimenting at will. Software to compile 
and program your source code is included. 
Kit Order Code: K8048KT - £39.95 
Assembled Order Code: VM111 - £59.95 


Controllers & Loggers 


Here are just a few of the controller and 
data acquisition and control units we have. 
See website for full details. 12Vdc PSU for 
all units: Order Code PSU445 £7.95 


USB Experiment Interface Board 
5 digital input chan- 
nels and 8 digital out- 
put channels plus two 
analogue inputs and 
two analogue outputs 
with 8 bit resolution. 
Kit Order Code: K8055KT - £38.95 
Assembled Order Code: VM110 - £64.95 


er 


Rolling Code 4-Channel UHF Remote 
State-of-the-Art. High security. 
4 channels. Momentary or 
latching relay output. Range 
up to 40m. Up to 15 Tx’s can 
be learnt by one Rx (kit in- 
cludes one Tx but more avail- 
able separately). 4 indicator LED ’s. Rx: PCB 
77x85mm, 12Vdc/6mA (standby). Two & Ten 
Channel versions also available. 

Kit Order Code: 3180KT - £49.95 

Assembled Order Code: AS3180 - £59.95 


Computer Temperature Data Logger 
Serial port 4-channel tem- 
perature logger. °C or °F. 
Continuously logs up to 4 
separate sensors located 
ok 200m+ from board. Wide 
range ot tree software applications for stor- 
ing/using data. PCB just 45x45mm. Powered 
by PC. Includes one DS1820 sensor. 

Kit Order Code: 3145KT - £19.95 
Assembled Order Code: AS3145 - £26.95 
Additional DS1820 Sensors - £3.95 each 


Remote Control Via GSM Mobile Phone 
Place next to a mobile phone 

(not included). Allows toggle or 

auto-timer control of 3A mains 

rated output relay from any loca- 

tion with GSM coverage. 

Kit Order Code: MK160KT - £13.95 


Most items are available in kit form (KT suffix) 
or pre-assembled and ready for use (AS prefix) 


payable to Quasar Electronics. 
Please visit our online shop now for full details of over 500 electronic kits, WES 
projects, modules and publications. Discounts for bulk quantities. 


467799 
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4-Ch DTMF Telephone Relay Switcher 
Call your phone num- 
ber using a DIMF 
phone from anywhere 
in the world and re- 
motely turn on/off any | 
of the 4 relays as de- Ps 

sired. User settable Security Password, Anti- 
Tamper, Rings to Answer, Auto Hang-up and 
Lockout. Includes plastic case. 130 x 110 x 
30mm. Power: 12Vdc. 

Kit Order Code: 3140KT - £74.95 
Assembled Order Code: AS3140 - £89.95 


8-Ch Serial Port Isolated I/O Relay Module 
Computer controlled 8 
channel relay board. 5A 
mains rated relay outputs 
and 4 opto-isolated digital 
inputs (for monitoring 
switch states, etc). Useful 
in a variety of control and e 
sensing applications. Programmed via serial 
port (use our new Windows interface, termi- 
nal emulator or batch files). Serial cable can 
be up to 35m long. Includes plastic case 
130x100x30mm. Power: 12Vdc/500mA. 

Kit Order Code: 3108KT - £69.95 

Assembled Order Code: AS3108 - £84.95 


Infrared RC 12—Channel Relay Board 
Control 12 onboard relays with 
included infrared remote con- 
trol unit. Toggle or momentary. 
15m+ range. 112 x 122mm. 
Supply: 12Vdc/0.5A 

Kit Order Code: 3142KT - £59.95 

Assembled Order Code: AS3142 - £69.95 


Audio DTMF Decoder and Display 


Detect DTMF tones from 
tape recorders, receivers, 

4, two-way radios, etc using 
the built-in mic or direct 
from the phone line. Char- 
acters are displayed on a 
16 aeiaeee display as they are received and 
up to 32 numbers can be displayed by scroll- 
ing the display. All data written to the LCD is 
also sent to a serial output for connection to a 
computer. Supply: 9-12V DC (Order Code 
PSU445). Main PCB: 55x95mm. 

Kit Order Code: 3153KT - £34.95 

Assembled Order Code: AS3153 - £44.95 


Telephone Call Logger 
Stores over 2,500 x 11 
digit DTMF numbers with 
time and date. Records all 
buttons pressed during a 
call. No need for any con- 
nection to computer during speratianib Bie 
logged data can be downloaded into a PC via 
a serial port and saved to disk. Includes a 
plastic case 130x100x30mm. Supply: 9-12V 
DC (Order Code PSU445). 

Kit Order Code: 3164KT - £44.95 

Assembled Order Code: AS3164 - £59.95 


Here are a few of the most recent products 


added to our range. See website or join our 
email Newsletter for all the latest news. 


4-Channel Serial Port Temperature 
Monitor & Controller Relay Board 
4 channel computer 
serial port temperature 
monitor and relay con- 
troller with four inputs 
for Dallas DS18S20 or 
DS18B20 digital ther- 
mometer sensors (£3.95 each). Four 5A 
rated relay channels provide output control. 
Relays are independent of sensor channels, 
allowing flexibility to setup the linkage in any 
way you choose. Commands for reading 
temperature and relay control sent via the 
RS232 interface using simple text strings. 
Control using a simple terminal / comms 
program (Windows HyperTerminal) or our 
free Windows application software. 

Kit Order Code: 3190KT - £69.95 
Assembled Order Code: AS3190 - £84.95 


40 Second Message Recorder 
Feature packed non-volatile 
40 second multi-message 
sound recorder module us- 
ing a high quality Winbond 
sound recorder IC. Stand- a 
alone operation using just six onboard but. 
tons or use onboard SPI interface. Record 
using built-in microphone or external line 
in. 8-24 Vdc operation. Just change one re- 
sistor for different recording duration/sound 
quality. sampling frequency 4-12 kHz. 

Kit Order Code: 3188KT - £27.95 
Assembled Order Code: AS3188 - £36.95 
120 second version also available 


Bipolar Stepper Motor Chopper Driver 
Get better performance from 
your stepper motors with this 
dual full bridge motor driver 
based on SGS Thompson 
chips L297 & L298. Motor 
current for each phase set 
using on-board potentiometer. Rated to han- 
dle motor winding currents up to 2 Amps per 
phase. Operates on 9-36Vdc supply voltage. 
Provides all basic motor controls including full 
or half stepping of bipolar steppers and direc- 
tion control. Allows multiple driver synchroni- 
sation. Perfect for desktop CNC applications. 
Kit Order Code: 3187KT - £37.95 

Assembled Order Code: AS3187 - £47.95 


Video Signal Cleaner 
Digitally cleans the video 
signal and removes un- 
wanted distortion in video : 
signal. In addition it stabilises 
picture quality and luminance fluctuations. 
You will also benefit from improved picture 
quality on LCD monitors or projectors. 

Kit Order Code: K8036KT - £32.95 
Assembled Order Code: VM106 - £49.95 


Most items are available in kit form (KT suffix) 
or assembled and ready for use (AS prefix). 


Peer 


Motor Speed Controllers 


Here are just a few of our controller and 
driver modules for AC, DC, Unipolar/Bipolar 
stepper motors and servo motors. See 
website for full details. 


DC Motor Speed Controller (100V/7.5A) 
Control the speed of 
almost any common 
DC motor rated up to 

Me 100V/7.5A. Pulse width 
| modulation output for 
maximum motor torque 
at all speeds. Supply: 5-15Vdc. Box supplied. 
Dimensions (mm): 6OWx100Lx60H. 

Kit Order Code: 3067KT - £18.95 

Assembled Order Code: AS3067 - £26.95 


Computer Controlled / Standalone Unipo- 
lar Stepper Motor Driver 
Drives any 5-35Vdc 5, 6 
or 8-lead unipolar stepper | 
motor rated up to 6 Amps. | 
Provides speed and direc- 
tion control. Operates in stand-alone or PC- 
controlled mode for CNC use. Connect up to 
six 3179 driver boards to a single parallel 
port. Board supply: 9Vdc. PCB: 80x50mm. 
Kit Order Code: 3179KT - £15.95 
Assembled Order Code: AS3179 - £22.95 


Computer Controlled Bi-Polar ad 
Motor Driver Lat 
Drive any 5-50Vdc, 5 Amp 
bi-polar stepper motor using FF 
externally supplied 5V lev- i 
els for STEP and DIREC- 
TION control. Opto-isolated 
inputs make it ideal for CNC apoleations 
using a PC running suitable software. Board 
supply: 8-30Vdc. PCB: 75x85mm. 

Kit Order Code: 3158KT - £23.95 
Assembled Order Code: AS3158 - £33.95 


Bidirectional DC Motor Speed Controller 
Control the speed of 
most common DC 
motors (rated up to 
32Vdc/10A) in both 
the forward and re- 
verse direction. The 
range of control is from fully OFF to fully ON 
in both directions. The direction and speed 
are controlled using a single potentiometer. 
Screw terminal block for connections. 

Kit Order Code: 3166v2KT - £22.95 
Assembled Order Code: AS3166v2 - £32.95 


AC Motor Speed Controller (600W) 
Reliable and simple to 
install project that allows 
you to adjust the speed of 
an electric drill or 230V AC “4 
single phase induction 
motor rated up to 600 
Watts. Simply turn the sotentiometert to adjust 
the motors RPM. PCB: 48x65mm. Not suit- 
able for use with brushless AC motors. 

Kit Order Code: 1074KT - £14.95 

Assembled Order Code: AS1074 - £23.95 


See www.quasarelectronics.com for lots 
more motor controllers 
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electronics 


The Electronic Kit Specialists Since 1993 


Electronic Project Labs 


Great introduction to the world of electron- 
ics. Ideal gift for budding electronics expert! 


500-in-1 Electronic Project Lab 
Top of the range. Com- 
plete self-contained elec- 
tronics course. Takes you 
from beginner to ‘A’ Level 
standard and beyond! 
Contains all the hardware 
and manuals to assemble 
500 projects. You get 3 
comprehensive course a 
books (total 368 pages) - Hardware Entry 
Course, Hardware Advanced Course and a 
microprocessor based Software Program- 
ming Course. Each book has individual circuit 
explanations, schematic and connection dia- 
grams. Suitable for age 12+. 

Order Code EPL500 - £179.95 

Also available: 30-in-1 £19.95, 50-in-1 
£29.95, 75-in-1 £39.95 £130-in-1 £44.95 & 
300-in-1 £69.95 (see website for details) 


Tools & Test Equipment 


We stock an extensive range of soldering 


tools, test equipment, power supplies, 
inverters & much more - please visit web- 
site to see our full range of products. 


Two-Channel USB Pc Seelnosbare 
This digital storage oscillo- 
scope uses the power of your , 
PC to visualize electrical sig- 
nals. Its high sensitive display 
resolution, down to 0.15mV, 
combined with a high band- wie 
width and a sampling fre- 

quency of up to 1GHz are giving this unit all 
the power you need. 

Order Code: PCSU1000 - £399.95 


Personal Scope 10MS/s 

The Personal Scope is not a 
graphical multimeter but a com- 
plete portable oscilloscope at the 
size and the cost of a good mul- 
timeter. Its high sensitivity - down =aa2 
to 0.1mV/div - and extended 
scope functions make this unit 
ideal for hobby, service, automo- 
tive and development purposes. Because of 
its exceptional value for money, the Personal 
Scope is well suited for educational use. 
Order Code: HPS10 - £189-95 £169.95 


See website for more super deals! 


www. quasarelectronics.com 


Secure Online Ordering Facilities e Full Product Listing, Descriptions & Photos e Kit Documentation & Software Downloads 


Theremin Synthesiser 
Kit MKII 

£27.25 plus 
postage & packing 
The ever-popular Theremin 
is better than ever. It's easier to 
set up with extra test points for volume 
adjustment and power supply measurement and it now runs 
on AC to avoid the interference switchmode plugpacks can 
cause. It's also easier to build with PCB-mounted switches 
and pots to reduce wiring to just the hand plate, speaker 
and antenna. It also has the addition of a skew control to 
vary the audio tone from distorted to clean. 


Everyday Practical Electronics Magazine has been publishing a series of popular kits by the acclaimed Silicon 
Chip Magazine Australia. These projects are 'bullet proof' and already tested down under. 
All Jaycar kits are supplied with specified board components, quality fibreglass tinned 


PCBs and have clear English instructions. Watch this space for future featured kits. COE He IE CONTAIN FEB MAE Queiiay prertuaeninee 


case and all specified components 


£36.25 plus postage & packing 
You've seen those lights fitted with PIR detectors that 
turn on when someone approaches. Well now you can do 
the same thing with just about any mains-powered device 
you like including security systems, decorative lighting, 
fountain pumps or even commercial advertising etc. The 
system uses a standard PIR to safely turn on 240VAC 
mains device(s) for an adjustable 
pre-set period. Kit supplied — 
with case, screen printed PCB, 
and all electronic components. 
Note: Requires UK mains socket 


wea FEATURED 
THIS MONTH 


Discharge Ignition Kit for Motor Bikes 


£10.00 plus postage & packing 
Many modern motor bikes use a Capacitor 
Discharge Ignition (CDI) to improve it 
performance and enhance 
reliability. However, if the CDI 
ignition module fails, a 
replacement can be very 
expensive. This kit will replace 
many failed factory units and is suitable for engines that 
provide a positive capacitor voltage and have a separate 
trigger coil. Supplied with solder masked PCB and overlay, 
case and components. Some mounting hardware required. 


¢ PCB Dimensions: 45 x 64mm 


£16.00 plus postage & packing 
Here's a new and completely updated version of the very 
popular low cost 12VDC electronic timer. It is link 
programmed for either a single ON, or continuous ON/OFF 
cycling for up to 48 on/off time periods. Selectable 
periods are from 1 to 80 seconds, minutes, or hours and it 
can be restarted at any time. Kit includes | PCB and all 
specified electronic components. 


* PCB Dimensions: 102 x 42mm 


Studio 350 - High Power Amplifier 


£79.50 plus postage & packing 
The studio 350 power amplifier will deliver a whopping 
350WRMS into 4 ohms or 200WRMS into 8 ohms. It offers 
real grunt using a high power MJ21193/4 transistor and is 
super quiet with a very low signal to noise ration and 
harmonic distortion. This kit is nee in short form with 


PCB and electronic ay. 
Kit requires heatsink and (+ 

70V power supply as 

described in instructions. 

See website for more 
specifications. 


Jaycar 


Electronics 


Knock Sensor 
£8.75 plus postage & packing 


Add this option to your KC-5442 
programmable high energy 
ignition system and : 

* 
automatically retard a 
the ignition timing if 
knocking is detected. 
cars running high octane fuel. Requires a knock sensor 
which is cheaply available from most wreckers. Kit 
includes PCB with overlay and all specified components. 


the unit will 
Ideal for high performance 


Delta Throttle Timer 


£12.50 plus postage & packing 
This brilliant design will trigger a relay when » 
the accelerator is pressed or 
lifted quickly. There is a long 
list of uses for this kit, 
such as automatic 
transmission switching of 
economy to power modes, 
trigger electronic blow-off 
valves on quick throttle lifts and 
much more! It is completely adjustable, and uses the 
output of a standard throttle position sensor. Kit 
supplied with PCB, and all electronic components. 


£9.00 plus postage & packing 
This kit uses a handful of 
components to accurately time 
intervals from a few seconds to | 
a whole day. It can switch a 
number of different output 
devices and can be powered 
by a battery or mains plugpack. 


- Kit includes PCB and all components 
* Requires 12 - 15VDC power 


Balanced to Unbalanced Audio Converter 


£15.00 plus postage & ews 
This kit will adapt an unbalanced 
input to balanced 
output and vice 
versa. This allows 
domestic equipment 
to be integrated into a 
professional installation 
while maintaining the 
inherent high immunity to noise pick-up on long cable runs 
provided by balanced lines. Kit supplied with solder masked 
PCB and all specified components. 


Starship Enterprise Door Sound Emulator 
£17.25 plus postage & packing 


This easy to build kit emulates the unique 
sound of a cabin door opening or closing | 
on the Starship Enterprise. The sound Can iia i 


be triggered by switch contacts or even 
or 


fitted to automatic doors. 
| = 
rf a) hy 


* Kit supplied with PCB with overlay, 
speaker, case and all specified 
components 

* 9-12VDC regulated 


£30.00 plus postage & packing 
This excellent keyless entry system features two 
independent door strike outputs and will recognise up to 
16 separate key fobs. The system keeps the coded key 
fobs synchronised to the receiver and compensates for 
random button presses while the fobs are out of range. 
Supplied with solder masked and silk screen 
PCB, two programmed PIC micros, 
battery and all electronic components. 


* Receiver requires a 12VDC 1.5A 
power supply 


. i 
* Some SMD soldering is required é 


£25.00 plus postage & packing 
Program both the microcontroller and EEPROM in the popular 
gold, silver & emerald wafer cards. Card used needs to conform to 
1S0-7816 standards. Powered by 9-12 VDC wall adaptor or a 9V 
battery. Instructions outline software requirements that are freely 
available on the internet. Kit supplied 
with PCB, wafer card socket & all 
electronic components. 


* PCB Dimensions: 141 x 101mm 


Jaycar Electronics will not accept responsibility 
for the operation of this device, its related 
software, or its potential to be used for 
unlawful purposes. 


Bridge Mode Adaptor for Stereo Amplifiers 


£13.25 plus postage & packing 
Enables you to run a stereo amplifier in 'Bridged Mode' to 
effectively double the power available to 
drive a single speaker. There are __ Tis 
no modifications required 
on the amplifier and the 
signal processing is done by 
this clever kit. Supplied with silk 
screened PCB and components. 
Requires balanced (+/-) 15-60V power supply. 


¢ PCB Dimensions: 103 x 85mm 


Freecall order: 0800 032 7241 


Transistor Tester 


£12.25 plus postage & packing 

| Have you eve unsoldered a 
suspect transistor only 
to find that it checks 
OK? Troubleshooting 

exercises are often 

hindered by this type 

_ of false alarm. You can 

avoid these hassles 

_ with the In-Circuit 

| Transistor, SCR and 

| Diode Tester. The kit 

| does just that, test ‘2 

| drives without the need S55 
to unsolder them from 

the circuit! Kit includes 

a jiffy box, battery, electronic 
components and a panel 

- showing truth table for 

. device checking. 


£8.50 plus postage & packing 
Don’t get caught with a flat battery! This simple 
electronic voltmeter lets you monitor the condition of 
your car’s battery so you can act before getting 
stranded. 10 LEDs tell you your battery's 
condition. , 


¢ Kit includes PC board and all 
components 


© PCB Dimensions: 62 x 39mm 


£11.00 plus postage & packing 
Learn everything there is 
to know about component 
recognition and basic 
electronics with this 
comprehensive kit. From 
test leads to solder, 
everything you need for 
the construction of this 
meter is included. 


- Dimensions: 67(W) x 


, 123(H) x 25(D)mm 


£10.75 plus postage & hai 
This versatile kit will allow you to 
monitor the battery voltage, the 
airflow meter or oxygen sensor 
in your car. The kit features 10 | 
LEDs that illuminate in response 
to the measured voltage, preset 
9-16V, 0.-5V or 0-1V ranges, 
complete with a fast response time, high input impedance 
and auto dimming for night time driving. 


- Kit includes PCB with overlay, LED bar graph and all 
electronic components. 

* 12VDC 

* Recommended box: UB5 use HB-6015 £1.25 


£7.75 plus postage & packing 
With this basic but essential tool it is possible to check 
the function, brightness, colour and polarity of all kinds 
of light emitting diodes (LED). The LED to be tested 
plugs into the front panel, at the current you wish to 
test it with. Two 10 mA positions have been included on 
this multi-LED tester so that comparisons between two 
LEDs can be made simultaneously. , 


* Requires 9V Bolt (not included) 
* Test currents: IMA, 2.5mA, 5mA, 
10mA, 20mA, 50mA 


\ * Dimensions: 58 x 44 x 25 mm 


PIC Based Water Tank Level Meter Kit 


£46.75 plus postage & packing 
This PlC-based unit uses a pressure sensor to monitor water level 


and will display tank level via an RGB LED at the press of a button. 


The kit can be expanded to include and optional wireless remote 
display panel that can monitor up to ten 
separate tanks (KC-5461) or you can 
add a wireless remote controlled 

mains power switch (KC-5462) to 

control remote water pumps. i 

Kit includes electronic 

components, case, screen 

painted PCB and pressure sensor. 


KC5461 


KC-5460 


Also available: 
KC-5461 - Remote display kit £36.50 


POST & PACKING CHARGES 


Order Value Cost 
EO EA9 SOEs 
PSOE ES Sor 6 
ERODES SSS E26 
£200 - £499.99 £30 All pricing in 

£500+ £40 Pounds Sterling 
Max weight 12Ib (5kg) ° Minimum order £10 


Heavier parcels POA Prices valid until 
-| Minimum order £10 30/4/2011 


Note: Products are 
despatched from Australia, 
so local customs duty & 
taxes may apply. 


Remote Control Mains Switch 


£45.25 plus postage & packing 
Commercial remote control mains switches are 
available but these are generally limited to a range 
of less than 20m. This UHF system will operate up 
to 200m and is perfect for remote power control 
systems etc. The switch can be activated using the 
included hand held controller. 
Kit supplied with case, screen printed PCB, RF 
modules and all electronic 
components. 


Note: 
Requires 
UK mains 
socket 

or adaptor 


HOW TO ORDER 


www.jaycarelectronics.co.uk 

0800 032 7241* 

+61 2 8832 3118" 
techstore@jaycarelectronics.co.uk 

P.0. Box 107, Rydalmere NSW 2116 Australia 


“Australian Eastern Standard Time 


(Monday - Friday 09.00 to 17.30 GMT + 10 hours) 


Expect 10-14 days for air parcel delivery 


Order online: www.jaycarelectronics.co.uk 


y KC-5462 
i ~_ | 


£3.75 plus postage & packing 
This tiny circuit measures just 25mm x 25mm and will 
provide power indication and low voltage indication 
using a bi-colour LED. The LED will be green when above 
the set point & red when below. The set point is 
adjustable using a trim-pot. The 
circuit is suitable for equipment 
powered from 6-30VDC. With 
a simple circuit change, the 
bi-colour LED will produce a red 
glow to indicate that the voltage 
has exceeded the value. 


- PCB, bi-colour LED and all specified 


electronic components supplied 


£11.50 plus postage & packing 
Ideal for controlling 12VDC 
motors in cars such as fuel 
injection pumps, water/air 
intercoolers and water 
injection systems. You can “™ 
also use it for headlight 
dimming and for running 12V © 
DC motors in 24V vehicles. The 
circuit incorporates a soft start feature to reduce inrush 
currents, especially on 12V incandescent lamps. Includes 
PCB and all electronic components to build 10A version. 


* PCB Dimensions: 69 x 51mm 
* Output can increase to 20A with extra MOSFET 


. available separately 21-2450 £4.50 


£29.00 plus postage & packing 
The first versions of the battery 
zapper included a checker 
circuit. The Mk Ill battery 
zapper (KC-5479) has a 
separate checker circuit - and 
this is it. It checks the health 
of SLA batteries prior to 
charging or zapping with a 
simple LED condition indication 
of fair, poor, good etc. 


* Overlay PCB and 
electronic components 

* Case with machined and silk- 
screened front panel 

* PCB Dimensions: 
185 xX 101mm 


Don't just sit there | 
BUILD SOMETHING! 


£15.25 plus postage & packing 
Many modern multimeters come with 
capacitance ranges, but 
they're no good for 
very small values. 
This kit is a nifty 
little adaptor 
that allows a 
standard digital 
multimeter to measure 
very low values of capacitance from less than one 
picofarad to over 10nF. It will allow you to measure tiny 
capacitors or stray capacitances in switches, connectors 
and wiring. The kit is complete with PCB, components 


and case. All you'll need is a 9V battery and just about 
\ any modern DMM. 


J UCdr 


K6714 
K6714-16 Universal Relay 


K7000 
K7101 
K7102 
K7105 
K7203 
K7300 
K7302 
K8000 
K8004 
K8005 
K8006 
K8008 
K8009 
K8012 
K8015 
K8016 
K8017 
K8020 
K8021 
K8023 
K8026 
K8027 
K8028 
K8029 
K8031 
K8032 
K8033 
K8035 
K8036 
K8037 
K8038 
K8039 
K8040 
K8041 


farning Alarm Kit 


>A mplifier Kit 

x 30W Audio Power Amplifier Kit 16.96 

$. ~200W Mono/Stereo Amplifier Kit A574 
i eee Mono/Stereo Amplifier Kit 62.85 
Power Supply for K4004B and K4005B Kit 10.45 
300W Mono Mosfet Amplifier Kit 138.19 
Stereo Valve Amplifier/Chrome Kit 65.92 
Stereo Valve Amplifier/Black Kit 809.94 
Guitar Preamp with Headphone Output 19.85 
Pink Noise Generator Kit 8.31 
Mono VU Meter 10 LEDs Kit 9195 
Stereo VU Meter 2 x 10 LEDs Kit 75 
Precision Stereo VU Meter 2x 15 LEDs Kit 24.95 
Audio Power Meter Kit esis 
Sound Generator Kit 5.95 
Video and RGB Converter/Processor Kit 95.61 
Audio/Video TV Modulator Kit 25.89 
2-Channel Loudspeaker Protection Kit 13.70 
Loudspeaker DC-Protection Kit 10.00 
Telephone Amplifier Kit 8.50 


A-Channel Multi-Function& 


Dual Function St 
Advertisement L 
Temperature Se 
Temperature Co 


Code Lock Kit | 
Remote Control | 
Multitone Chime 
IR Remote Cont 
Universal Relay 


Signal Tracer/In| 
Mains Voltage Det 
Metal Detector Kit = 
Handheld LCD Osciloscope Kit 


www.hps140.com 


O72 
TSI-20 


3-30V 3A Power Supply Kit 25.10 
Universal Battery Charger/Discharger Kit 13.84 
Low Cost Universal Battery Charger Kit 6.35 


PC Interface Board Kit 74.95 
DC to Pulse Width Modulator Kit 725 
Stepper Motor Card Kit 25.90 
Domotica Light System - Busprint Kit 29:32 
Multifunction Relay Module Kit 12.90 
Multifunctional Clock Kit 53.10 
Lead Acid Battery Charger/Conditioner 27.98 
Multifunction Relay Switch Kit 14.94 
PC Function Generator 0 - IMHz Kit 99.98 
3-Channel Sound Light with Microphone 33.80 
Valve Control Amplifier Kit 207.93 
High-End Control Amplifier Kit Vear37 
10-Channel, 2-Wire Remote Control Kit 24.41 
Suppressed 3.5A Dimmer Kit 9.94 
Relay Output Module (for K8006) Kit 7.95 
Multifunction Dimmer Kit 22.20 
Slow On-Off Dimmer Kit 13.60 
One Channel Digital PC Scope Kit 100.99 
4 channel Running Light Kit 20.58 
Power Blinker Kit 13.04 
Multifunctional Up/Down Counter Kit 17.85 
Video Signal Cleaner Kit 20.58 
Bus Dimmer for Home Light System Kit 12.70 
Power Dimmer, Push-Button Controlled Kit 14.80 
1 Channel DMX Controlled Power Dimmer 29.95 
High-End MOSFET Power Amplifier Kit 181.45 
Fan Timer Kit 10.57 


K8100 


Board with LCD 


USB Experiment — Board Kit 
8-Channel Relay Card Kit 

2-Channel RF Remote Receiver 
8-Channel RF Remote Control Kit 
2-Channel RF Code-Lock Transmitter Kit 
Discrete Power Amplifier 200W Kit 
Extended USB Interface Board Kit 
USB Controlled DMX Interface Ki 
2 Modular Lights with Serial Inte 
DC Controlled Dimmer Kit 
Pocket Audio Generator Kit 
3W Mono Amplifier Kit 
Universal Temperature Sensor K 
Dimmer for Electronic Transfor 
1-Channel RF Receiver (for K809 
1W/3W High Power LED Driver 
DMX Controlled Relay Kit 

USB to Remote control Transmitt 
Power Saver/Timer Kit 

PIC Programmer Board Kit 
Subwoofer Kit 
Powerblock Kit 

Safe Style Codelock Kit 
Volume & Tone Control Pre-Amplifier Kit 
Telephone Ring Detector & Relay Output 
Telephone Ring with Buzzer and LED Kit 
RGB Controller Kit 

Big Digital Clock, Temp Display Kit 

8 Channel USB Relay Card Kit 

LED Clock with Light Dimmer Function Kit 
Optical proximity switch Kit 

SD/HCSD MP3 Player Kit 

Audio Analyser Kit 

Nixie Clock Kit 

Video Digitiser Card for PC Kit 


Velleman Mini Kits 
MK100 


power 
atiny in 


HPS140 


10Mhz Rechargeable portable 
scope. Do not let its size fool you! 


Only £99.99 


MK118 


MK119 
MK120 


Electronic Christmas Tree Minikit 
Flashing LED Sweetheart Minikit 
Flashing LED's Minikit 

pound to Light Minikit 

ectronic Cricket Minikit 

gnal Generator Minikit 
letronome Minikit 

=D Running Light Minikit 

ater Alarm Minikit 

ectronic Dice Minikit 

mple One Channel Light Organ Minikit 
interval Timer Minikit 

ain Game Minikit 

ren Sound Generator Minikit 
ww Voltage Light Organ Minikit 
6cket VU Meter Minikit 

Riding Santa Minikit 


~ Delux Xmas Tree Minikit 


FM Radio Minikit 
Roulette Minikit 
Light Barrier Minikit 


MK121PAL Classic TV Game Minikit 


MK122 
MK123 
MK124 
MK125 
MK126 
MK127 
MK128 
MK129 
MK130 
MK131 
MK132 
MK133 
MK134 
MK135 
MK136 
MK137 
MK138 
MK139 
MK140 
MK141 
MK142 
MK143 
MK144 
MK145 
MK146 


Animated Bell with 83 LED's Minikit 
Rolling Clock Minikit 

Rolling Message Minikit 

Light Sensitive Switch Minikit 

Car Alarm Simulator Minikit 

Running Microbug Minikit 

Kitchen Timer Minikit 

Crawling Microbug Minikit 

3D Xmas Tree Minikit 

Traffic Light Minikit 

Cable Polarity Checker Minikit 

Quiz Table Minikit 

Steam Engine Sound Generator Minikit 
Electronic Decision Maker Minikit 
Super Stereo Ear Minikit 

IR Remote Checker Minikit 
Thermostat Minikit 

Clap On/Off Switch Minikit 

Karaoke Minikit 

SMD Happy Face Minikit 

SMD Xmas Tree Minikit 

White LED Flashlight Minikit 

Flashing Heart Minikit 

Halloween Pumpkin Minikit 

Pocket VU Meter Minikit (with Enclosure) 
Dual White LED Stroboscope Minikit 
Dual Super Bright Flashing Red Lights 
Love Tester Minikit 

Shaking Dice Minikit 


0191 2514363 


Generator Kit 


el Touch Panel Kit 


— 21.44 
Saar 
40.63 
29.01 
24.65 
Zan 3 
18.38 
14.35 
24.80 
30.45 
17g 
25,73 
52 
1285 


VM167 
Miniature USB 


controlled |/ 
15 Input/Outputs Pre-Assembled 


Only 


ct fe esr.co.uk 


7.44 
4.43 
4.55 
10.80 
8.67 
4.17 
5.29 
7.07 
SRO 
7.63 
7.44 
5.20 
4.43 
T1aks 
8.49 


Station Road ~ o 


7.78 


°MK185 


MK151 Digital LED Clock Minikit 

MK152 Wheel of Fortune Minikit 

MK153 Jumbo Single Digit Clock Minikit 
MK154 5 in 1 Emergency Tool Minikit 

MK155 Magic Message Minikit 

MK157_ LCD Mini Message Board Minikit 
MK158 LCD Mini Message Board with Backlight 
MK159 Brain Game Minikit 

MK160 Remote Control via GSM Mobile Phone 
MK161  2-Channel IR Remote Receiver Minikit 
MK162 2-Channel IR Remote Transmitter Minikit 
MK163 Electronic Stereo Volume Control Minikit 
MK164 — IR Electronic Volume Control Minikit 
MK165 = Crawling Bug Minikit 

MK166 Animated Ghost Minikit 

MK167 — Electronic Candle Minikit 


ensor Simulator Minikit 

ar (Red) Minikit 

\ (Yellow) Minikit 

Star Minikit 

Aikit 

ikit 

Minikit 
ecord/Playback Minikit 
ley Minikit 

N Minikit 


-_— 


owered & 


board. eoainikit 


der Minikit 
er LED Flasher Minikit 
indicator LED Minikit 
Nber Minikit 


£26. sO 


Solar Bug Minikit 
Velleman Modules - Assembled 


VM100 200W Power Amplifier Module 

VM101 ~~ Multifunctional Dimmer Module 

VM103 — Blinking Module 

VM105 AC Power Slave Module 

VM106 Video Signal Cleaner Module 

VM107 = Multifunctional Counter Module 

VM110 USB Interface Card Module 

VM111_— PIC Programmer and Experiment Module 
VM112 Personal Animated Badge Module 
VM113 Stereo Amplifier Module 2 x 30W 

VM114. 7W Mono Audio Amplifier Module 
VM116 ~~ USB Controlled DMX Interface Module 
VM118  8-Channel RF Remote Control Set Module 
VM118R_ 8-Channel RF Remote Transmitter Module 
VM119 = One Channel Dual Output Receiver 
VM120 = -10-Channel Light Effect Generator 
VM121 = 15-Channel Infrared Transmitter Module 
VM122  15-Channel Infrared Receiver Module 
VM124 1A Power Supply Module 

VM125 Ultrasonic Radar Module 

VM129  8-Channel Relay Card Module 

VM130 2-Channel RF Remote Control Set Module 
VM130T 2-Channel RF Remote Control Transmitter 
VM131 + Dimmer for Electronic Transformers 
VM132 Universal Temperature Sensor Module 
VM133 Energy Saver Module 

VM134 PIC Programmer Board Module 

VM135 Magical Dimmer Module 

VM136 — Interval Timer Module 

VM137 Thermostat Module 5° - 30°C Module 
VM138 DMX Controlled Relay Module 

VM139 — IR Remote Checker Module 

VM140 _— Extender USB Interface Board Module 
VM141 — Start/Stop Timer Module 

VM142 — Mini-Pic Application Module 


VM143/1W 1W High Power LED Driver Module 
VM143/3W 3W High Power LED Driver Module 


VM144 Telephone Ring Detector & Relay output 
VM145 __ Digital Panel Thermometer Min/Max 
VM146 ~~ RGB Controller Module 

VM147 Panel Counter Module 

VM148 — Panel Thermostat Module 

VM150 RGB LED Dimmer for DIN rail 

VM151 RGB Controller Module & remote control 
VM152. LED Dimmer with RF Remote Control 
VM154 Fan Timer Module 

VM156 Pocket Audio Generator Module 
VM160 = 4 Channel RF Remote Control Set 


VM160DT 4 Channel RF Desktop Transmitter 
VM160T 4 Channel RF Replacement transmitter 


VM161 RGB LED Strip Colour controller Module 
VM162 RGB LED Strip Colour dimmer Module 
VM163 Panel Clock Module 

VM164 = Mini Dimmer, Push button control 
VM165 = 0-10V DC Controlled Dimmer 

VM166T 2 Channel Remote with LED 

VM167 Mini USB Interface Module 

VM168 0-10V RGB LED Dimmer Module 
VM169 RGB Power Slave LED Module 

VM179 Proximity Card Reader Module 


VM8090 8 Channel USB Relay Card 


UK’s No 1 source for VELLEMAN® Kits 


15.09 
Ero) 
12:53 
11.84 
11.84 
15.96 
21.14 
10.47 
8.93 
oe) 
8.49 
10.90 
14.79 
13.89 
9.09 
3.8 
a7) 
6.20 
6.20 
10.98 
6.71 
7.83 
8.50 
11.87 
7.AS 
8.49 
4.90 
6.30 
14.25 
10.50 
2.43 
11.43 
Deo? 
7.89 


38.54 
34.90 
34.43 
34.43 
30.44 
36.71 
34.90 
32.60 
12-95 
125 

723) 
6/119 
68.77 
36.02 
19.40 
32.02 
36.02 
29.62 

7.39 
26.54 
33.29 
35.45 
12.29 
24.04 
13.04 
18.15 
36.90 
13.58 

6.30 

7 a) 
21.74 

7.64 
7999 
12:95 
26.00 

9.85 

775) 
14.65 
2339 
22-02 
23.35 
26.80 
31.00 
265) 
2753 
a5 
20.00 
47.50 
46.28 
17.05 
22,75 
30.86 
Ley 
14.78 
48.95 
1512 
26.80 
34.92 
23./.1 
25.65 
58.40 


Latest kits & Modules with full tech specs at 


www.esr.co.uk 


Cullercoats £6.50 

greater than 1kg or >£30 
| ae 0191 2522296 Tyne & Wear ca £850. / Postal orders payable to 
sales@esr.co.uk NE30 4PQ a (wesc ESR Electronic Components Ltd. 


Prices Exclude Vat @20%. 
UK Carriage £2.50 (less than 1kg)\ 


PLEASE ADD CARRIAGE & VAT TO ALL ORDERS 
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AVAILABILITY 

Copies of EPE are available on subscription 
anywhere in the world (see opposite) and 
from all UK newsagents (distributed by 
SEYMOUR). EPE can also be purchased from 
retail magazine outlets around the world. An 
Internet online version can be purchased and 
downloaded for just $19.99US (approx £13) per 
year, available from www.epemag.com 


THE Not UK\MAGAZINEFOR|ELECTRONICS TECHNOLOGY, & COMPUTER/PROJECTS, 


DMF RACAL | 


“tie Seale laa yi i 
me GPS SYNCRONISED CLOCK, 
t clockiaccuracy/hangingronyourkitchen\walll i 


= 
8 


reach-In 2011 Sparts 


Ourjnot;to-he-missed introduction tothe, classic 
analogue C= the opamp, 


MARCH 2011 £3.95 


BALAN 


Everyday Practical Electronics, April 2011 


Editorial Offices: 

EVERYDAY PRACTICAL ELECTRONICS EDITORIAL 
Wimborne Publishing Ltd., 113 Lynwood Drive, Merley, 
Wimborne, Dorset, BH21 1UU 

Phone: (01202) 880299. Fax: (01202) 843233. 

Email: enquiries @ epemag.wimborne.co.uk 

Website: www.epemag.com 

See notes on Readers’ Technical Enquiries below — we regret 
technical enquiries cannot be answered over the telephone. 


Advertisement Offices: 

Everyday Practical Electronics Advertisements 

113 Lynwood Drive, Merley, Wimborne, Dorset, BH21 1UU 
Phone: 01202 880299 Fax: 01202 843233 

Email: stewart.kearn @ wimborne.co.uk 


Subscriptions for delivery direct to any address in the UK: 
6 months £19.95, 12 months £37.90, two years £70.50; 
Overseas: 6 months £23.00 standard air service or £32.00 
express airmail, 12 months £44.00 standard air service or 
£62.00 express airmail, 24 months £83.00 standard air 
service or £119.00 express airmail. 


Online subscriptions, for downloading the magazine via 
the Internet, $19.99US (approx £13) for one year available 
from www.epemag.com. 


Cheques or bank drafts (in £ sterling only) payable to 
Everyday Practical Electronics and sent to EPE Subs. 
Dept., Wimborne Publishing Ltd. 113 Lynwood Drive, 
Merley, Wimborne, Dorset BH21 1UU. Tel: 01202 
880299. Fax: 01202 843233. Email: subs@epemag. 
wimborne.co.uk. Also via the Web at: www.epemag. 
com. Subscriptions start with the next available issue. We 
accept MasterCard, Maestro or Visa. (For past issues see 
the Back Issues page.) 


BINDERS 

Binders to hold one volume (12 issues) are available from 
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We advise readers to check that all parts are 
still available before commencing any project in 
a back-dated issue. 


ADVERTISEMENTS 

Although the proprietors and_ staff of 
EVERYDAY PRACTICAL ELECTRONICS take 
reasonable precautions to protect the interests 
of readers by ensuring as far as practicable that 
advertisements are bona fide, the magazine 
and its publishers cannot give any undertakings 
in respect of statements or claims made by 
advertisers, whether these advertisements are 
printed as part of the magazine, or in inserts. 
The Publishers regret that under no 
circumstances will the magazine accept liability 
for non-receipt of goods ordered, or for late 
delivery, or for faults in manufacture. 


TRANSMITTERS/BUGS/TELEPHONE 
EQUIPMENT 

We advise readers that certain items of radio 
transmitting and telephone equipment which 
may be advertised in our pages cannot be 
legally used in the UK. Readers should check 
the law before buying any transmitting or 
telephone equipment, as a fine, confiscation 
of equipment and/or imprisonment can result 
from illegal use or ownership. The laws vary 
from country to country; readers should check 
local laws. 


A roundup of the latest Everyday 
News from the world of 
electronics 


Avid editing - updates by Barry Fox 


A‘ changed the face of professional 
video and movie editing, and now wants 
to do the same for consumer editing with the 
worldwide launch this spring of a ‘completely 
new development’ called Avid Studio. This 
puts Avid in direct competition with itself, 
because after a series of company acquisitions 
Avid now services 13 million worldwide us- 
ers of the consumer editing software package, 
Pinnacle Studio. To harden the internal com- 
petition, Avid is launching new versions of the 
Pinnacle Studio just ahead of Avid Studio. 

Through the 1990s, Avid’s computer soft- 
ware moved the studio industry from cutting 
celluloid film to switching digital bitstreams. 
They bought Digidesign for its Pro Tools au- 
dio editing software, M-Audio for electronic 
musical instruments and Sibelius for com- 
puter scoring of all types of music. Avid ac- 
quired Pinnacle Systems in 2005 and is now 
releasing Version 15, with UK prices ranging 
between £60 and £100. Avid Studio follows 
in March, by download, and boxed for retail 
sale in April, at around £140. 


Avid studio 


‘Avid Studio is a totally new category 
with a more modern feel. The engine has 
changed’, says Wolfgang Schranz, European 
consumer sales manager. ‘It’s for Windows 
only, but there is no XP support; and there 
won’t be a Mac version’. 

It uses a new editing engine and new 
file format to get a different look and feel, 
and offers features that cannot be built 
into Pinnacle software. It was clear from 


pre-launch demonstrations given at Avid’s 
European HQ in Pinewood Studios near Lon- 
don that the demonstrators were still getting 
to grips with the new software. 

Key new features include an archiving op- 
tion, which gathers all the source files from 
all sources, and collates them into a single 
archiving file; so a half-finished project can 
be completed later, or on the move, without 
the need to access all the original source file 
locations. 

There is improved chromakey support for 
green screen effects, with a matching green 
backdrop boxed with the software. The user can 
create an unlimited number of audio and video 
tracks for building sound and vision effects. 

Avid Studio can also create and mix 5.1 
surround. Tracks can be imported from a 5.1 
camcorder or created by editing and then ex- 
ported as Dolby Digital 5.1 for DVD or Blu- 
Ray burning. 

Neither Pinnacle Ver. 15 nor Avid Studio 
support 3-D editing. 

Says Schranz, “There is no 3-D support at 
the moment. We have it in our professional 
products, but at the moment we can’t see a 
market for consumer software. Consumer 3D 
is at a very early stage. It is too early to see 
a clear trend. We cannot yet see a market for 
it. But, of course, we will listen to the market 
and react.’ 

Schranz admits that Avid now has a diffi- 
cult marketing job on its hands, with 13 mil- 
lion Pinnacle users worldwide and none so 
far for Avid. ‘Avid Studio is for aspirational 
users’, he says. There will be an upgrade 


offering from Pinnacle to Avid, but the price 
is not yet fixed. 


Pinewood celebration 


Pinewood Studios, where Avid is based, 
is 75 years old this year. The controlling 
company now also owns Shepperton and 
Teddington studios in the UK and sister 
complexes in Berlin, Hamburg and Torronto. 
Pinewood started with four sound stages, and 
now has 34. The most famous is the huge 007 
sound stage, where most of the Bond movies 
have been shot. Re-built after a fire in 2006, 
it now has a floor space of 59,000 square feet 
and is the largest in Europe. 

Nearby, a stone-walled, open-air area the 
size of a football pitch can be flooded for 
sea sequences. It holds a million gallons and 
takes a week to fill and empty. A tall green 
screen wall at one end helped sink Venice in 
Casino Royale. 

Nearby, the indoor underwater stage tank 
is Six metres deep, with sets either built un- 
der water by divers or created with green 
screen effects. The tank is never drained, 
and the water kept clear and at a constant 
temperature of 32°C. Filming is by under- 
water cameras in waterproof housings, op- 
erated by frogmen divers. Where fish are 
needed they are kept in a submerged tank. 
Despite advances in digital effects, under 
water live shooting is still routinely used 
because it is still hard to create a realistic 
wet effect on dry materials, hair and fabrics. 

Unlike studios in Hollywood and Florida, 
Pinewood offers no public tours. 


The data survey covered the ‘in- 


moved into the digital age, swapping 
‘analogue formats’ such as compact 


Data, data C data sided wil elite m formation revolution’, when societies 


 @ he ravenous hunger for data, 
and the need to store it has been 
measured by researchers. A study, 
published in the journal Science, 
added up all the data stored in the 
world by 2007 and calculated 295 i 
exabytes — an exabyte is a billion gi- 
gabytes, or a trillion megabytes. 
The researchers reached this fig- & 
ure by estimating the amount of & 
data held on 60 technologies, from jg 
PCs and DVDs to paper adverts and ¢ 
books. They calculated that if this j 
information was stored on CDs then } 
it would produce a pile of discs that 
would extend to beyond the moon. 
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; cassettes, and traditional print for 
s digital music and the Internet. 
The rate of change in the move 
f4 to digital storage has been rapid. In 
me 2000, 75% of stored information 
was still in an analogue format, such 
* aS video cassette tape. However, by 
2007, 94% of it was digital. The study 
= pinpoints the arrival of the digital age 
Me at 2002, the first year when digital 
Me storage capacity overtook analogue 
K capacity. 
E # Notsurprisingly, the biggest source 
a of all these ones and zeroes is digital 
3 computing. 
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Nokia calls Microsoft 


Nokia President and CEO Stephen Elop (left) links up with 
Microsoft CEO Steven Ballmer 


Ov: the undisputed leader of mobile 
phone technology, Nokia has found 
itself in retreat for the last couple of years. 
The key problem for Nokia lies in the lu- 
crative ‘smartphone’ market, where much 
of the industry’s growth and profit is found. 
Newcomers Apple, with their iPhone and 
Google’s increasingly popular Android 


mobile operating system 
have caused the Finnish 
mobile giant to look for 
strategic partners. 

Nokia _ still makes a 
third of all mobile phones 
sold worldwide, but took 
just 12% of profits in the 
fourth quarter of 2010. 
Apple, on the other hand, 
shipped only 4% of devices 
to the mobile market, but 
achieved an extraordinary 
50% of all profits. Not bad 
for a company that hadn’t 
even sold a phone till 2007. 

As if the threat from 
Apple was not bad enough, 
Nokia now faces stiff com- 
petition from devices run- 
ning Android, which runs 
on a third of all smartphones sold at the 
end of 2010. Nokia’s phones currently use 
the Symbian operating system, which has 
proved much less popular than those from 
either Apple (OS) or Google. 

To get back into the smartphone race, 
Nokia has turned to Microsoft, and to- 
gether they have announced plans to form 


that would use their comple- 

mentary strengths and exper- 

tise to create a new global 

mobile ecosystem. 
Nokia and Microsoft intend 

to jointly create mobile products and 

services. Under the proposed partnership: 

¢ Nokia will adopt Windows Phone as its 
principal smartphone strategy, innovat- 
ing on top of the platform in areas such 
as imaging 

e Nokia will help drive the future of Win- 
dows Phone, contributing its expertise in 
hardware design, language support, and 
help bring Windows Phone to a larger 
range of markets 

e Microsoft’s Bing will power Nokia’s 
search services across Nokia devices and 
services 

¢ Nokia Maps will be a core part of Mi- 
crosoft’s mapping services. For example, 
Maps will be integrated with Microsoft’s 
Bing search engine and adCenter adver- 
tising platform to provide local search 
and advertising 

e Microsoft development tools will be used 
to create applications to run on Nokia 
Windows Phones 


a broad strategic partnership j 


Businesses thrive with clouds and satellites 


t is no surprise to learn that digital tech- 

nology plays an important role in business, 
but two areas that are especially important 
play an unexpectedly large role in driving 
commerce across developed economies. 

A report on the BBC revealed that 6% to 
7% of EU GDP depends on satellite naviga- 
tion. Using an American study, and extrapo- 
lating the results to the European economy, 
the EU Commission has estimated that 
800bn euros of business directly uses satel- 
lite navigation. The industrial sectors most 
reliant on sat-nav technology are: 

Delivery services rely on GPS nearly 
100% because fleet management and parcel 
tracking by sat-nav is used by all freight for- 
warders and couriers. 

Utilities and their transmission and dis- 
tribution networks (eg, electricity grids) 
rely on sat-nav timing for synchronisation. 

Banking and finance, where up to a third 
of this type of business uses the accuracy of 
GPS time to ‘time stamp’ big transactions. 

Agriculture increasingly depends on 
GPS in areas such as “precision agriculture’, 
where field management (eg, spraying or 
harvesting) on large European farms is car- 
ried out with the assistance of GPS in the 
tractor or the cabin of a combine harvester. 

Communications systems in the form of 
smartphones almost universally include a 
GPS chip, for which a host of uses from ba- 
sic map reading to locating a new restaurant 
are becoming more and more popular. 


Cloud computing 
For IT decision makers, cloud comput- 
ing 1s increasingly creating new business 
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opportunities. In this case, the clouds are 
most definitely not water-based, but offsite 
servers that store and back-up software and 
data, and provide computational power. All 
a user needs is an ordinary Internet-linked 
PC to access much more powerful and ro- 
bust computational resources. 

In a survey carried out by Microsoft, IT 
planners in financial services, manufactur- 
ing, professional services, and retail and 
hospitality saw cloud computing as an op- 
portunity to grow their business, drive inno- 
vation and strategy, and efficiently collabo- 
rate across geographies. The key in all these 
examples was allowing access to data from 
anywhere. 

Microsoft found that cloud comput- 
ing has two big advantages: it lets small 
businesses act like big businesses, giving 
them the opportunity to use IT resourc- 
es that might otherwise be beyond their 
budgets; and it lets big businesses move 
quickly and cheaply with the speed and 
nimbleness of a small business. For big 
businesses, there is also an opportunity 
to innovate at a lower cost with multiple 
options rather than having to sink all of 
their chips into a single, big capital cost 
option. 

‘Clouds’ are not just for businesses, big 
or small. Companies such as Apple offer a 
cloud-based system for individuals, which 
lets users access their email, calendar/diary, 
address book, photo collection and other re- 
sources from any Internet-connected com- 
puter. Apple’s Mobile Me is available on an 
annual subscription basis: £45 for an indi- 
vidual user and £76 for a family pack. 


Smart projection 


TMicroelectronics and bTendo Ltd 

have announced that they will jointly 
develop the world’s smallest ‘pico projec- 
tor’ for smartphones and other portable 
consumer-electronics devices. The solu- 
tion is based on bTendo’s innovative scan- 
ning laser projection engine technology 
and ST’s MEMS (micro-electro mechani- 
cal systems) expertise, video processing 
know-how and_ semiconductor process 
technology. 

The large memory capacity of today’s 
advanced smartphones means that people 
carry huge amounts of movie clips and 
photos in their pockets, yet find it difficult 
to share it with others due to phone’s tiny 
displays. Adding projection capabilities 
into the mobile devices will enable users to 
easily share their media with others — any 
place, on any surface, at any time. 

Less than 2.5cm? in volume and under 
6mm high, the jointly developed embed- 
ded projector will offer a focus-free, vivid, 
sharp and crisp image, superior to current 
pico projection solutions. Implementing 
two MEMS-based micro-mirror-actuation 
devices within the system’s optical engine, 
and an advanced video-processing chip, 
the world’s smallest projection engine 
will be optimised for smart phones, offer- 
ing low power consumption and built-in 
support for MIPI (mobile industry pro- 
cessor interface) to ensure swift and easy 
integration. 


editorial@wimborne.co.uk 


Constructional Project 


Here’s a voice recorder design that can be set up easily to record two, 
four or eight different messages for random-access playback 

or a single message for ‘tape mode’ playback. 

Also, it provides clean and 
glitch-free line-level audio 
output suitable for 
feeding an amplifier 
or PA system. It can 
be powered from 
any source of 
9-14V DC. 


By JIM)| ROWE 
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OLID-STATE voice recorders are 
popular projects. They can be 
used in all sorts of applications 
where messages or sounds need to 
be recorded and played back reliably 
under either manual or micro control. 

Such projects often have annoying 
limitations — for example, they can 
only be used to record and play back 
one long message or a number of short 
messages in sequential ‘tape recorder’ 
fashion. Such design limitations are of- 
ten unnecessary, because the recorder 
chips used are typically capable of 
recording and playing back up to eight 
messages in ‘random access’ mode. 

Another common limitation is that 
the playback sound quality can be fairly 
noisy, and each message played might 
be accompanied by an irritating ‘click’ 
at the start and finish. 

Reader feedback revealed another 
limitation: older modules have been 
designed to operate from a 6V battery, 
whereas many people wanted to use a 
nominal 12V DC source. 


Design concept 


It was with these limitations in mind 
that we decided to develop the sound 
recorder module described here. 

It’s based on the HK828 chip, with 
the rest of the circuit designed to al- 
low flexibility in terms of message 
storage and to provide much cleaner 
and click-free playback audio. Finally, 
the circuit can run from any source of 
DC between 9V and 14V. 

The HK828 chip has the ability to 
store single or multiple messages with 


Reproduced by arrangement 
with SILICON CHIP 
magazine 2011. 
www.siliconchip.com.au 


Fig.1: the block diagram of 
the HK828 voice recorder 
chip. While the recording 
process relies on audio 
sampling, the audio is not 
stored digitally, but uses 

an analogue sample-and- 
hold system. The analogue 
samples are stored in 

the cells of a 256K Flash 
EEPROM. Each analogue 
storage cell can store any of 
256 different voltage levels, 
making it equivalent to an 
8-bit digital recording. 
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a total length of between 40 and 60 
seconds, depending on the sampling 
rate and the voice quality you want. 
In this recorder module, the chip is 
teamed up with a low-cost electret mi- 
crophone insert to allow easy message 
recording, plus an LM358 dual op amp 
IC, which allows the recorded mes- 
sages to be played back as a line-level 
audio signal, available for feeding an 
external amplifier and speaker. 


Getting the message 


We’ve given this module a set of 
‘jumper links’, so that it can be easily 
configured to record and play back 
messages in any of four modes: either 
two, four or eight messages in random 
access mode, or one or more messages 
in sequential access ‘tape mode’. An- 
other link allows the HK828 chip’s 
message start ‘beeps’ to be enabled or 
disabled, as you wish. 

All message selection, record and 
play functions are controlled exter- 
nally, via connections to arow of screw 
terminals along the side of the module. 
All functions are enabled by switches 
or logic signals. 

This makes it easy to record or play 
back messages using a set of pushbut- 
tons and a switch, or under the control 
of a PC, microcontroller or security 
system if you prefer. 

The HK828 voice recorder chip is 
available from Jaycar Electronics in 
the UK (see their advert in this issue), 
and kits for the recorder module will 
also be available from them (Cat. No. 
KC5454). 


ANALOGUE 
WRITE & READ 
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How it works 


The HK828 chip forms the func- 
tional heart of the recorder module, 
therefore you need to have a rough 
idea of what goes on inside this chip in 
order to understand how the recorder 
works. Fig.1 shows the chip’s basic 
architecture. 

First, the chip includes a high-gain 
microphone preamp so that it can be 
driven directly by a low-cost electret 
microphone insert. An automatic 
gain control (AGC) circuit follows the 
preamp, to ensure that good quality 
recordings can be made without any 
need for manual gain adjustment, 
despite input signal level variations. 

The output of the AGC circuit is 
not connected directly to the chip’s 
recording circuitry, but is brought 
out to the ‘Aout’ pin instead. This is 
linked to the ‘Ain’ pin by the user, to 
record messages from the microphone. 
This arrangement allows the chip to be 
used to record from line-level signals 
in other applications. 

Since the main part of the HK828 
records by a process of sampling the 
audio signals fed into it via the Ain 
pin, it needs to pass these signals 
through a low-pass filter before the 
sampling. This is done to prevent 
distortion caused by sampling aliases, 
hence the ‘anti-aliasing’ filter between 
the ‘Ain’ input and the sample and hold 
circuit block. 

Now, although the audio is sampled 
inside the HK828, this is done using 
an analogue sample-and-hold system, 
rather than the more common digital 
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Constructional Project 


sampling system. It stores the samples 
in an array of 262,144 (256K) Flash 
EEPROM analogue storage cells, each 
of which can store any of 256 different 
voltage levels. This gives the equiva- 
lent of 8-bit digital recording. 


Sampling rate 

The capacity of the storage array 
means that the HK828 can store a total 
of 256K samples. How long a recorded 
message this gives depends on the 
sampling rate that’s used. 

For example, if the sample rate 
is 8000 samples per second, 256K 
samples will correspond to a total 
message length of just over 32 sec- 
onds (262,144/8000). However, if you 
sample at 4200 samples/second, the 
256K samples will give a total mes- 
sage length of just over 62 seconds 
(262,144/4200). 

The recording bandwidth or ‘fidelity’ 
is directly proportional to the sampling 
rate. So, if you sample at 4200 samples/ 
second, the recording bandwidth will 
be just over 2kHz, whereas sampling 
at 8000 samples/second gives a band- 
width of just on 4kHz. 

Choosing the sampling rate is 
therefore a compromise: the lower the 
sampling, rate the longer the recording 
time, but the lower the audio band- 
width. Conversely, the higher the sam- 
pling rate the higher the bandwidth, 
but the shorter the recording time. 

The HK828 chip has an internal 
sampling rate clock oscillator, as well as 
an input for an optional external clock. 
Either clock signal can be fed to the 
sample and hold circuit via the multi- 
plexer (MUX), to control the sampling. 

The frequency of the internal oscil- 
lator is set by varying the value of an 
external resistor connected between 
the ‘OscR’ pin and ground. This circuit 
uses a 47kQ resistor, which sets the 
sampling rate to about 5800 samples/ 
second. This gives a message recording 
time of about 45 seconds and a band- 
width of about 2.9kHz, for reasonable 
voice-quality recording. 

As shown in Fig.1, the recording and 
playback of samples in the storage ar- 
ray is controlled by analogue write and 
read circuits, along with the message 
control and message decoding circuits. 
When a message is being played back, 
the signals pass through another low- 
pass filter to remove sampling noise, 
and are then fed to the inbuilt output 
amplifier. 
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The rest of the circuitry inside the 
HK828 chip is used for overall device 
control, mode switching and so on. 


Circuit details 


The complete circuit details for 
the Multi-Message Voice Recorder is 
shown in Fig.2. 

As shown, signals from the electret 
microphone insert are coupled into the 
MICin input of the HK828 (pin 17) via 
a 100nF coupling capacitor. Another 
100nF capacitor is used to tie the 
preamp’s second MICref input (pin 18) 
to ground, to provide maximum gain. 

The 4.7pF capacitor and 220kQ 
resistor connected between pin 19 
and ground are used to optimise the 
chip’s AGC attack and decay char- 
acteristics for speech. The amplified 
audio from the mic preamp and AGC 
circuit appears at pin 21 (Aout), which 
is coupled directly to pin 20 (Ain) via 
another 100nF capacitor. 

As mentioned earlier, the internal 
sampling oscillator frequency is set to 
5.8kHz by the 47kQ resistor connected 
to ground from pin 7 (OscR). 

Setting the HK828 into record or 
playback modes is achieved by an ex- 
ternal switch or logic signal connected 
to the RecEnable terminal, which con- 
nects to the chip’s RE pin (27). 

The terminal is pulled to ground for 
record mode or allowed to rise to logic 
high level (+5V) for playback mode. Note 
that when the terminal is pulled down 
to ground for record mode, this also al- 
lows transistor Q1 to draw base current 
and turn on — allowing current to flow 
through LED2, the record mode indicator. 

Link LK1 is used to enable or disable 
the HK828’s message-starting ‘beep’, 
by changing the logic level at pin 11 
(“Beep Enable’). Similarly, links LK2 
and LK3 are used to set the desired 
message recording and playback 
mode, as shown in the small table on 
the circuit diagram. 


Message recording 


To record a message in one of the 
random access modes, all that needs to 
be done is to pull down the RecEnable 
line to force the chip into recording 
mode, and then pull down one of the 
message-select lines (eg, M1Enable or 
M2Enable) using an external push- 
button or a logic signal from a PC or 
microcontroller. 

The message select line must be held 
down for the duration of the message 


PC board, code 797, available 
from the EPE PCB Service, 
size 119mm x 57mm 
electret microphone insert 

3 3-way terminal blocks, 
PC mounting 
2-way terminal block, 
PC mounting 
2-pin sections of SIL header 
strip 
jumper shunts 
28-pin DIL IC socket, 
15.24mm spacing 
8-pin DIL IC socket, 7.62mm 
spacing 
2.5mm concentric DC power 
plug, PC mounting (CON1) 
audio phono socket, PC 
mounting (CON2) 


Semiconductors 

HK828 voice recorder IC (IC1) 
LM358 dual op amp (IC2) 
78L05 +5V regulator (REG1) 
PN200 PNP transistor (Q1) 
5mm green LED (LED1) 
5mm red LED (LED2) 
1N4004 1A diode (D1) 


apacitors 
2200pF 16V radial elect. 
2201F 16V radial elect. 
22uF 16V radial elect. 
10pF 16V radial elect. 
4.7F 25V tag tantalum 
220nF 100V MKT metallised 
polyester 
100nF 100V MKT metallised 
polyester 
100nF multilayer monolithic 
ceramic 
150pF disc ceramic 


Resistors (0.25W 1%) 
1 470kQ 1 220k 
2 100k22 8 47kQ 
9 22kQ 2 10kQ2 
2 1kQ 2 6802 
1 1000 1 47Q 


Where from? 

A kit is only available from Jaycar 
Electronics, who also hold the copyright 
on the design and PC board. 

Kits will be available from Jaycar 
Electronics (Cat no KC-5454). 
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recording; recording ends when the 
line is allowed to rise high again. 

To play the recorded message, the 
RecEnable line is allowed to rise high 
again, and the message select line for 
the message you want to replay pulled 
down again for about 400ms. 

The playback audio emerges in 
push-pull (ie, anti-phase) fashion 
from pin 14 and pin 15 of the HK828, 
the SP+ and SP- pins, and is con- 
nected to a 100Q load resistor. The 
signals are fed via 100nF capacitors 
to a balanced-to-unbalanced matching 
stage using IC2b, one half of an LM358 
dual op amp. 

This effectively adds the two signals 
together, and cancels out the ‘common- 
mode pedestal’ signal that appears 
with them on both outputs. 

As a result, the output audio sig- 
nal at pin 7 of op amp IC2b is clean 
and ‘glitch free’. This is then passed 
through op amp IC2a, connected as a 
voltage follower/buffer and then fed 
to the line-level audio output socket. 

All of this part of the circuit operates 
from +5V DC from REG1, an LM78L05 
regulator. We are able to use a low 
power regulator because the total cur- 
rent drain is quite low: about 4mA in 
standby mode, rising to about 45mA 
when a message is actually being 
played or recorded. 

There’s one remaining point which 
should be mentioned about the circuit. 

You'll note that the HK828 chip is 
provided with a ChipEnable pin (pin 
23), which in this circuit is pulled 
down to earth via a 47k resistor 
— so the chip is enabled by default. 
However, the ChipEnable line is also 
brought out to a terminal, to allow 
you to apply a logic high (+5V) to this 
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yellow purple yellow brown 
red red yellow brown 

brown black yellow brown 
yellow purple orange brown 
red red orange brown 
brown black orange brown 
brown black red brown 
blue grey brown brown 
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Fig.3: the same-size component overlay matches 


the photograph at right — between the two there 


should be no construction problems. 


line if you want to disable the chip for 
any reason. You might want to do this 
if you have a microcontroller or PC 
controlling a number of the modules, 
in which case it will need to be able 
to select between them using their 
ChipEnable lines. 


Construction 


All of the components used in 
the Voice Recorder module fit on a 
compact PC board, coded 797, meas- 
uring 119mm x 57mm. This board is 
available from the EPE PCB Service. 
The board can be mounted inside a 
standard UB3-size plastic box. 

Since all of the screw terminals and 
connectors are along one side of the 
board, they will all be accessible via 
a slot or series of holes along that side 
of the box. Only three holes will be 
needed in the box lid: two 5mm holes 
for LED1 and LED2, and a larger hole 
to allow sound to reach the electret 
mic insert. 


5-Band Code (1%) 


red red black orange brown 


red red black red brown 
brown black black red brown 


blue grey black black brown 


yellow purple black orange brown 


brown black black orange brown 
yellow purple black red brown 


brown black black brown brown 


AUDIO OUT 


The location and orientation of all 
components on the board can be seen 
in the overlay diagram of Fig.3, and also 
in the matching photo of the module. 

Start board assembly by fitting the 
four screw terminal blocks, then the DC 
input and audio output sockets. Follow 
these with the two IC sockets, the three 
2-pin headers for links LK1 to LK3 and 
the short wire link, which fits just near 
the end of the 28-pin IC socket. After 
this, you can fit the resistors and smaller 
non-polarised capacitors. 

Next come the 4.7pF tantalum and 
the electrolytic capacitors, which are 
all polarised, so make sure you fit 
them with the orientation shown in 
the diagram. 

Now you'll be ready to fit the 
semiconductor parts. These are also 
polarised, so make sure you follow 
the diagram carefully as a guide to 
their orientation. Fit diode D1 first, 
then transistor Q1 and the two LEDs, 
followed by regulator REG1. 

Now fit the electret mic 
insert. This has only two wire 
leads, but it is polarised, so 
do check the back of the in- 
sert to make sure which lead 
connects to the metal body of 
the insert. This is the negative 
lead, which must be con- 
nected to the ‘earthy’ outer 
pad under the board. The 
other lead is the positive lead. 

Finally, plug the LM358 op 
amp IC2 into its 8-pin socket 
and the larger HK828 chip 
IC1 into its 28-pin socket. 


brown black black black brown 
yellow purple black gold brown 


brown black brown brown 
yellow purple black brown 


Make sure they’re both orien- 
tated as shown in Fig.3. Your 
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Constructional 


Team this little module with a small audio 

amplifier, to provide a great range of sound effects 

for a model railway layout, for example. It has the 

ability to store up to eight different ‘sound grabs’, which could be switched to 
different parts of the layout as trains pass through stations. 


Multi-Message Voice Recorder should 
now be complete and ready to go. 


Trying it out 

To check that your recorder is 
working correctly, first decide which 
message mode you want to use it in, 
and then place jumper shunts on link 
headers LK1, LK2 and LK3 to set the 
module for that mode of operation. 
(Use the Table in Fig.2 as a guide.) 

Connect a small toggle switch and 
one pushbutton switch (for each mes- 
sage you want to select) to the appro- 
priate screw terminals of the module, 
as shown in Fig.4. For now, switch the 
toggle switch off, which corresponds 
to message playback mode. 

The audio output of the module can 
now be connected to the line input of 
any suitable audio amplifier. Then you 
can connect its DC power input to a 
source of 9V to 14V DC. 

At this stage, neither of the LEDs 
should light, but you may hear a small 
turn-on ‘plop’ from the speaker con- 
nected to the external amplifier. If you 
wish you can use a digital multimeter 
to confirm that the supply voltage at 
pin 8 of IC2 is very close to +5V, rela- 
tive to the module’s earth terminal. 


Value 
220nF 0.22uF 
100nF 0.1)F 
150pF n/a 


pF Code IEC Code EIA Code 


220n 224 
100n 104 
150p 151 
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Now switch the external toggle switch 
on, pulling the RecEnable line down to 
earth potential. This should switch the 
module into Record mode, so LED2 
should begin glowing. (Ifit doesn’t begin 
glowing, you either have the DC power 
polarity reversed, or LED2 fitted to the 
board the wrong way around.) 


Record/replay 


Next, press one of the message select 
pushbuttons — say MSG1 in Fig.4. While 
holding it down, begin talking into the 
electret mic to record your test message. 

As you speak, you'll notice that the 
green Strobe LED (LED1) is flashing. 
Keep talking until you reach the end 
of your message or until LED1 stops 
flashing (which indicates that recording 
has stopped automatically, because you 
have reached the end of that segment of 
the HK828’s memory). Then release the 
pushbutton. 

To replay the recorded message, 
turn the toggle switch off to swing the 
module into Play mode and briefly 
press the message pushbutton again, 
but this time only briefly because in 
Play mode, the message buttons only 
trigger the replay operation. 

Your recorded message should 
then be replayed through the exter- 
nal amplifier and speaker. If it does, 
your Multi-Message Voice Recorder 
is working correctly and should now 
be ready for use. 


Changing message length 


As mentioned earlier, the total mes- 
sage length stored in the HK828 chip’s 


memory is determined by the sampling 
rate, which is set by the resistor con- 
nected from pin 7 of the chip (OscR) 
to ground. 

The 47k value shown for this resis- 
tor in the circuit and overlay diagram 
gives a sampling rate of 5800 samples/ 
second, resulting in a total message 
length of 45 seconds and an audio 
bandwidth of about 2.9kHz. 

We picked this as a reasonable com- 


5 promise between message length and 


recording quality, but you can experi- 
ment with the value of this resistor to 
try longer/shorter recording times and 
narrower/wider audio bandwidth. 

For example, if you change the resis- 
tor value to 82kQ, this will lower the 
sampling rate to about 4200 samples/ 
second and give a total recording 
time of just on 60 seconds. However, 
the audio bandwidth will also drop 
to around 2kHz, so the played-back 
message(s) will sound rather ‘muffled’ 
—a bit like talking through a wet sock! 

On the other hand, if you lower 
the resistor value to 24kQ, this will 
increase the sampling rate to about 
8000 samples/second and drop the 
recording time to just on 32 seconds. 
However, the recording quality will 
improve, as the audio bandwidth will 
increase to about 4kHz. 

So, experiment by all means, and 
settle on the resistor value you decide 
gives the best combination of total 
message length and acceptable audio 
quality for your application. 


Changing message mode 


As noted earlier, header links LK2 
and LK3 on the board can change the 
module’s message access mode. 

For example, with a jumper shunt 
fitted to LK2 but removed from LK3, 
the module will be able to record and 
play two messages (each using half the 
HK828’s memory space). 

You'll only need two external push- 
buttons to select one of these messages: 
MSG1 and MSG2, along with the 
Record/Play toggle switch. 

If you want to record and play four 
messages, remove the jumper shunt 
from LK2 and place one on LK3 in- 
stead. You’ll now need four external 
pushbuttons as well as the Record/ 
Play toggle switch: MSG1, MSG2, 
MSG3 and MSG4. Note that in this 
case, each message will be able to use 
one quarter of the HK828’s memory. 


dls. 


Leave the jumper shunts off both LK2 
and LK3 if you want to record and play 
any of eight short messages (each using 
one eighth of the HK828’s memory). 
You’ll now need all eight external push- 
buttons MSG1 to MSG8, along with the 
Record/Play toggle switch. 

The last option is to fit jumper 
shunts to both LK2 and LK3, which 
OIE AIT DODO | | sets the module for ‘tape mode’ 
-_——_———————-" [ operation. 

In this mode, you normally only 
need one external pushbutton 
(MSG1), because the HK828 records 
and plays back either one message or 
a sequence of messages, using all of 
its memory space. 

a That’s it then — an easy-to-build 
RECORD}  MSG| MSG] msc} msc} msc] MSG] MSG] MSG solid-state Multi-Message Voice Re- 
I I I I 8 corder module that can be used for 

4. 1 1 1 1 1 1 1 all kinds of applications, especially 

/ y those involving sending pre-recorded 
ONE Econ messages over an amplifier or PA 

7 (HOLD MSG BUTTONS DOWN FOR RECORDING) system under the control of a PC or 
microcontroller. EPE 


Fig.4: Staying with the model rail theme, you could use reed relays or other Reproduced by arrangement 
switches to play back the sound grabs when the train triggers them or they are with SILICON CHIP 
switched by the operator. If the sound grabs are played in different locations, 


magazine 2011. 
you will need additional speakers and relays to switch them to the amplifier. 


www.siliconchip.com.au 
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Decoding The 
Heavens 


Technotalk 


Mark Nelson 


This month we’re looking skywards for inspiration, triggered by the Planet Jupiter radio 
receiver featured in last September’s issue. Mark would like to dig deeper into radio 
astronomy (and radio astrology!) and explain the fascination of this activity, and the role 
electronic hobbyists can play in this area. Another allure covered this time is the music of 
the magnetosphere that is inaudible to most people. 


Te easy-to-build Planet Jupiter 
Receiver (Sept ’10) must have surp- 
rised many readers by how easily (and 
cheaply) a normal professional electronicist 
can get into a study area that most people 
consider the preserve of practised scientists. 
But as the article explained, you don’t need 
a PhD to carry out ‘real’ radio astronomy, 
nor do you have to build a steerable dish the 
size of Jodrell Bank in your back garden. You 
don’t even need a lab full of fancy equipment 
either, a PC and modified shortwave receiver 
(and wire dipole antenna) is all you need to 
Start. 


Is the bug biting? 

If you’re tempted by listening to the sky 
and would like to read more, there’s plenty 
on the WWW. Take a look at the UK Amateur 
Radio Astronomy website at: www.uka 
ranet.org.uk/ and NASA’s Basics of Radio 
Astronomy guide at: www2.jpl.nasa.gov/ 
radioastronomy. There’s also a Society of 
Amateur Radio Astronomers (www.radio- 
astronomy.org) and well, I'll let you Google 
for more. 

You can find useful help in books too. The 
RSGB (Britain’s ‘ham’ radio organisation) 
publishes a very comprehensive tome 
called Amateur Radio Astronomy; it has 
no equivalent elsewhere. Full of practical 
projects, it also explains how hobbyists have 
contributed to the science of radio astronomy 
(get it direct from: www.rsgbshop.org). 

Another book that I would recommend for its 
enthusiasm and straightforward explanation is 
Frank Hyde’s Radio Astronomy For Amateurs. 
Although it was published nearly 40 years ago, 
and the circuits are nearly all valve-based, the 
theory is still entirely valid. Try asking your 
local library to obtain it for you through inter- 
library loan or else you may be lucky enough to 
find it second-hand at a realistic price (the book 
is highly sought after now). 


Radio astrology too? 


I don’t know about you, but it always 
amuses me the way my local branch of 
WHSmith places astrology magazines 
next to Astronomy Now, Sky At Night and 
Sky & Telescope. This must really annoy 
the ‘serious’ astronomers. But I thought 
I'd do a quick Google to see if anyone was 
using radio to work out astral predictions. 
Reassuringly, there is a website: www. 
radioastrology.com, but my satisfaction was 
tempered somewhat when I discovered it’s an 
Internet radio site streaming out information 
on astrology, metaphysics, psychic and 
spiritual awareness, as well as expanding 
your consciousness. Mind you, that’s plenty 
to be getting on with. 
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Digging deeper, I did find a report from 
last year in the Pretoria News of South Africa 
that states ‘Africa and Australia are the final 
two countries still bidding to host Square 
Kilometre Array (SKA), the most powerful 
radio astrology telescope on Earth’. My only 
disillusion is the date of the article, which is 
1 April 2010. 

Still in mystical mood, back in ancient times 
some people imagined that the movements of 
celestial bodies (the sun, moon and planets) 
had, a form of music known as the ‘music 
of the spheres’. This music was not usually 
thought to be audible in a literal sense, but 
as a harmonic and/or mathematical and/or 
religious concept. The notion can apparently 
be traced back to Jewish beliefs about an 
orderly cosmos hymning the praises of its 
creator and continued to influence thinkers 
until the end of the Renaissance period. 


Music of the magnetosphere 

A more up-to-date kind of heavenly melody 
is the ‘broadcast’ music of the northern 
lights. Part of the wider phenomenon of 
‘natural radio’, it is transmitted on the very 
low-frequency or VLF bands. These signals 
are in the audio frequency and occur from 
approximately 200Hz to beyond 10kHz. 
They are not man-made but occur naturally in 
nature, the most spectacular ones being heard 
between 400Hz and 5kHz. 

This is a natural (sorry!) field for electronics 
experimenters, and in a moment I'll give you 
some websites where you can find practical 
information. As one enthusiast extols, the sheer 
enjoyment of listening to yet another realm of 
nature’s beauty means many people who are 
not really ‘radio nuts’ or ‘techies’, but who love 
nature and listening to interesting sounds, have 
listened to natural radio either live or recorded 
and have called it the ‘music of Earth itself’. 

So what is the source of these noises? 
Lightning storms, the Earth’s magnetic field 
itself and the aurora borealis and australis 
(northern and southern lights) all produce an 
amazing variety of electromagnetic sounds. 
For example, ‘sferics’ (static from lightning 
strokes), tweeks, “whistlers’, the incredible 
‘chorus’ of chirping, barking and squawking 
produced by the Sun’s solar wind colliding 
with the Earth’s magnetic field; various kinds 
of hiss, ‘wavering tone’ emissions and other 
fascinating sounds to hear. 


Curious chorus 


Some of these sounds are plain bizarre, but 
the ones termed ‘chorus’ are genuinely musical, 
sounding like the most fantastic ever dawn 
chorus of birds twittering and chirping. Some 
of these have been released on CD in the past (I 
bought an album at the HMV store in London’s 


Oxford Street), but nowadays you can get 
them straight off the Internet. National Public 
Radio in the USA broadcasts a fascinating 
documentary called Listening to the Northern 
Lights, which you can hear or download. 

Interestingly, these noises are not a space age 
discovery—tar from it in fact. They were first 
heard on long telephone wires in the 1880s, and 
VLF enthusiast Stephen McGreevy argues that 
these mysterious radio signals of Earth were the 
first radio signals that people ever heard. 

He’s probably nght if you accept that 
frequencies in the audio range are in fact radio. 
Certainly you cannot hear them through your 
ears unless you were one of those telephone 
operators in the late 19th century in Britain 
and the USA who heard strange whistling 
tones in the background of long-distance 
telephone calls. 

At the time, these noises were attributed 
to problems in the wires and connections 
of the telephone system and disregarded. A 
paper of 1894 by W H Preece, engineer-in- 
chief of the British Post Office, appearing in 
Nature magazine describes operators at the 
British Government Post Office who listened 
to telephone receivers connected to telegraph 
wires and heard the ‘bubbling and murmuring’ 
sounds of the aurora borealis. 

Today’s experimenters use receivers that can 
be very simple or quite sophisticated, with either 
a whip antenna or crossed multi-turn loops. The 
best recordings are made in electrically quiet 
locations, far away from AC power lines, and 
the real enthusiasts make elaborate expeditions, 
camping out in US deserts, the remote northern 
lakes of Canada, woodlands in Ireland or deep 
in Battersea Park, London. 


Recommended websites 
www.auroralchorus.con/natradio.htm 
Exuberant general introduction 


www. auroralchorus.com/vifstory.htm 
Recording expedition 


www. vif i/kurv/elf.html DIY receiver 
project 


www.auroralchorus.con/bbb4rx3.htm 
Simple receiver project 


www.auroralchorus.con/wr3gde.htm 


Receiver listening guide 


www.auroralchorus.con/vifquiet.htm 
Quiet recording locations 


www-pw.physics.uiowa.edu/mcgreevy/ 
Recordings in MP3 format 


www.npr.org/programs/Infsound/ 
stories/990326.stories.html 

Listening to the Northern Lights (radio 
programme) 


www. auroralchorus.com/vifstory.htm 
The history of VLF reception 
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You probably think that a dimme Ht 


is a dimmer is a dimmer, right? 
This little beauty will definitely 
change your mind! _ 


cent and dimmable CFL (compact fluorescent) lights, as 

well as some 12V halogen lights. It can provide mood 
and home-theatre lighting or operate in SLEEP mode (eg, in 
an infant’s room) to very gradually fade a lamp. 

This dimmer also has ‘intelligence’ — it can automatically 
turn off the light after a timeout period ranging from one 
minute to almost a week, ensuring the light is not left on if 
you forget to switch it off. It can also be used to control non- 
dimmable CFLs. In this mode, we simply turn the CFL ON and 
OFF (note: it may NOT be suitable with some non-dimmable 
CFLs, which tend to flicker in the ‘OFF’ state). 

Want to individually dim more than one table lamp in a 
room? No problem; you could have up to nine of these dim- 
mers in a room, independently controllable with the same 
remote. In addition, you can also control two or more dim- 
mers simultaneously! 

You can use almost any RC5 remote control, because the 
light dimmer can be programmed to learn the command 
codes. Pretty neat, eh? You use the number keys to dim to 
a preset level, or the VOL UP and VOL DOWN keys to dim 
up or down in fine increments. Button ‘0’ dims down to off, 
while ‘9’ dims up to fully on. 

In addition, we have attempted to provide just about every 
possible remote control feature in this design. It is quite a 
simple circuit, but the microcontroller’s program provides 
all these features. 


T= remote controlled dimmer will work with incandes- 


Circuit description 


The circuit (Fig.1) is based around a PIC18F1320 micro- 
controller, which controls the triac and responds to all the 
remote control commands. In addition, there is the infrared 
decoder IDR1, two RGB LEDs, an NPN transistor, two diodes, 
a Zener diode, a 10MHz crystal and an inductor and a few 
resistors and capacitors. 

The triac is connected between the mains live and the 
lamp via inductor L1. In conjunction with a 100nF 250V AC 
capacitor, this inductor provides suppression of electromag- 
netic interference caused by the rapid switching of the triac. 
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The (very!) Intelligent Dimmer shown here 
with an infrared remote control. It can be 
used with just about any remote control 
which uses the RC5 protocol. You 


can see the infrared receiver and 
acknowledge LEDs through 
the ‘window’ in the front 


The micro sends gate pulses to the triac via NPN tran- 
sistor Q1 and ultra-fast recovery diode D2. This diode 
protects the transistor from spikes generated when the 
triac changes state from conducting to non-conducting 
and vice versa. 

The micro controls the power level fed to the lamps by 
the triac by varying the timing of the gate pulse during each 
half-cycle of the 230V AC mains waveform. 

If the gate pulse is early in each half cycle, the power level 
will be high (ie, the lamp will be bright). Conversely, ifthe gate 
pulse comes late in each half cycle, the power level will be 
low (ie, the lamp will be dim). This method of power control 
is referred to as ‘phase control’. 

In order to know when in each half cycle to issue the gate 
trigger pulse, the microcontroller must be properly synchro- 
nised to the mains waveform at 50Hz. This is accomplished 
by a sync pulse taken directly from the neutral mains con- 
nection via a 3.3MQ 1W resistor. The sync signal is filtered 
by a 4.7nF capacitor, which forms a low-pass filter with the 
3.3MQ resistor, and synchronisation occurs every half cycle 
of the mains waveform, at a 100Hz rate. 


WAT IME 


This circuit is directly connected to the 230V AC mains. 
As such, 


This includes both sides of the PC board. 


This project is NOT for the inexperienced. DO NOT 
attempt to build it unless you know exactly what you 
are doing and are completely familiar with mains wiring 
practices and construction techniques. 
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Constructional Project 
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IR REMOTE CONTROL LIGHT DIMMER MODULE 


Fig.1: the circuit is based on a PIC18F1320-I/SO microcontroller, a triac and an IR detector (IRD1). 
The two RGB LEDs give user feedback on the operation and settings. 


Power supply 


You may wonder how the micro can be synchronised to 
the mains waveform by connecting it to the neutral side of 
the mains supply. Isn’t this the low-voltage side of things? 

Yes itis, but the microcontroller is actually tied to the live 
side of the mains supply. Power for the micro is derived from 
the mains via a 1kQ 5W resistor and a 470nF (X2) capacitor. 
The capacitor and resistor act as a current limiting imped- 
ance for the associated 5.6V Zener diode, ZD1. 

The supply circuit works as follows. First, for posi- 
tive half cycles of the 230V AC, current flows via ZD1, 
the 470nF capacitor and 1kQ 5W resistor. At the same 
time, the 470uF 16V electrolytic capacitor is charged 
up. Then, for negative half cycles of the mains, current 
flows via D1, the 470nF capacitor and the 1kQ resis- 
tor. The result is that the 470uF capacitor is charged to 
5.6V —0.6V = 5V DC. 

The impedance of the 470nF capacitor at 50Hz is 6.77kQ, 
and in series with the 1kQ resistor, this gives a total imped- 
ance of 6.84kQ. Hence, the 5V supply can deliver up to 23mA. 
Apart from the current drain of the micro itself and IRD1, the 
circuit must supply the gate power to the triac and drive the 
two RGB LEDs. These LEDs are connected with each of the six 
cathodes connected to a different I/O pin of the micro, IC1. 

The common anodes of the two RGB LEDs are connected 
together and to the 5V rail via a single 1kQ current-limiting 
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resistor. For this reason, only one LED (there are three within 
each RGB LED) is ever lit at any one time. 

The LEDs are lit to acknowledge key presses, to prompt 
the user for input and to give feedback on current settings. 
We explain the user operation in detail later. 

Signals from the IR remote control are amplified, filtered 
and decoded by the receiver module (IRD1). The 100Q resis- 
tor and 100uF capacitor are used to decouple its 5V supply. 
The data output at pin 1 of IRD1 is connected to pin 10 of 
IC1, and configured as a digital input. 


Construction 


The Intelligent Dimmer is built on a single-sided PC board, 
code 799, measuring 76mm x 50mm. It is housed in a sturdy 


If you purchase this project as a kit, the PIC microcontroller 
will be pre-programmed. If not, you will need to program the PIC 
with the Dimmer software, downloadable from the EPE website 
at www.epemag.com, before soldering it to the PC board. 


To do this, refer to the ‘PIC Programmer SOIC Converter’, 
published in the September 2009 issue (page 30) of EPE. 
That simple project will allow you to interface the SMD PIC toa 
common PIC programmer with a ZIF socket. The PC board for 
this adaptor is available from the EPE PCB Service, code 723. 
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Fig.2: this oscilloscope screen grab shows an incandescent 


lamp being switched using phase control. The yellow trace 
shows the waveform at the A2 terminal of the triac. 


polycarbonate case (125mm x 85mm x 55mm) with aclear lid 
and neoprene lid-sealing gasket. The circuit board is available 
from the EPE PCB Service. 

The component overlay diagrams for both sides of the PC 
board are shown in Fig.3. Note that the circuit diagram and 
Fig.3 both show three components which must initially be 
installed to allow the dimmer to operate at 12V AC. This 
enables you to check its operation at a safe low voltage be- 
fore changing these parts to allow it to operate at 230V AC. 

To build the 12V AC version, you simply install a wire 
link in place of the 470nF 250V AC capacitor, a 470Q 5W 
resistor instead of the 1kQ 5W unit and a 10k© 1W resistor 
instead of the 3.3MQ 1W unit. 

Check the PC board for any defects before starting the as- 
sembly. That done, the next job is to install the programmed 
PIC microcontroller on the copper side of the board. Note that 
the microcontroller is an SMD, and must be the 18F1320-I/SO 
(in the SOIC 18-pin package). Make sure it is oriented correctly. 

You will need a fine-tipped soldering iron to do the job. 
Position the IC over the pads and solder pin 17 and pin 18 
first. Then solder pin 9, followed by the remaining pins. Be 
careful not to get solder bridges between adjacent pins. 

Once the micro is in, flip the board over and install the parts 
on the component (top) side. Start by installing the four wire 
links, plus the link in place of the 470nF 250V AC capacitor. 
Follow these with the seven resistors. Start with the smallest 
and leave the 470Q 5W wirewound resistor until last. 

Install the diodes next; be sure to get their orientation cor- 
rect. Zener diode (ZD1) and the 1N4004 (D1) go in the top 
right-hand corner, while the UF4004 (D2) goes near the triac. 

Now solder in the BC337 NPN transistor (Q1). It can only 
go in one way. That done, bend the leads of the triac down 
by 90° about 9mm from its body, then install it so that it sits 
horizontally on the PC board (metal tab down), as shown in 
Fig.3 and the photos. Do not substitute for the triac — check 
its part number carefully. 

The capacitors can now go in. The two larger electrolytic 
capacitors must be oriented correctly. 

The 47uH inductor is next on the list — it sits vertically on 
the PC board. Make sure that the enamel coating on the leads 
is stripped away on the tips prior to soldering. Follow with 
the 4-way socket (CON1) and the 10MHz crystal. 
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1 PC board, code 799, available from the EPE PCB 
Service, size 76mm x 50mm 

1 IP65 sealed ABS plastic case with clear lid, size 
125mm x 85mm x 55mm (Jaycar HB-6246) 

1 flush-mount 3-pin mains socket (Jaycar PS-4094) or 
similar 

1 IEC male chassis connector with mounting holes 
(Jaycar PP-4005) 

1 10MHz crystal (X1) 

1 47uH 5A inductor (Jaycar LF-1274) 

1 4-way ‘Dinkle’ vertical socket (CON1) 
(Jaycar HM-3114) 

1 4-way ‘Dinkle’ screw terminal plug (Jaycar HM-3124) 

110A IEC mains cord 


Semiconductors 

1 PIC18F1320-I/SO SOIC pre-programmed 
microcontroller (IC1) 

1 IR receiver (Jaycar ZD-1952) (IRD1) 

1 BTA16-500 isolated tab triac (TRIAC1) - DO NOT 
substitute 

1 BC337 NPN transistor (Q1) 

2 RGB 5mm common anode LEDs (LED1 and LED2) 

1 1N4004 diode (D1) 

1 UF4004 ultrafast diode (D2) 

1 1N4734 1W 5.6V Zener diode (ZD1) 


Capacitors 

1 470uF 16V radial electrolytic 

1 100uF 16V radial electrolytic 

1 470nF (0.47uF) 250V AC X2 metallised polypropylene 
1 100nF (0.1uF) 250V AC X2 metallised polypropylene 
1 100nF MKT polyester 

1 4.7nF MKT polyester 

2 22pF ceramic 


Resistors (0.25W, 1% unless specified) 

1 3.83MQ 1W 2 470Q 

1 10kQ 1W* 1 470Q 5W wirewound* 
1 1kQ 2 1000 

1 1kQ 5W wirewound * 12V operation only 


Miscellaneous 

3 M3 x 25mm nylon screws (to secure PC board) 

2 M3 x 15mm nylon screws (for IEC connector) 

3 M3 x 12mm nylon spacers 

10 M3 nylon nuts 

1 100mm of 0.7mm-dia. tinned copper wire (for links) 
1 200mm length 3-core mains flex (250V 10A rating) 
1 4.8mm red spade connector, fully insulated 

1 4.8mm blue spade connector, fully insulated 

1 4.8mm yellow spade connector, fully insulated 

5 100mm cable ties 


Additional Parts Required For testing 
1 12V AC 500mA or 1A plugpack 
1 12V 300mA light bulb (Jaycar SL-2656) 
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Constructional Project 


The ‘normal’ component side of 
the PC board carries most of the 
components ... 


Note particularly the orientation of 
CON1 — it must be installed exactly as 
shown, with its grooved side towards the 
right-hand edge of the PC board. 

Now flip the PC board back over to the 
copper side again. There are three more com- 
ponents to be fitted to this side: the two RGB 
LEDs and the infrared receiver module IRD1. 

Start with the two RGB LEDs. These go in with 
a very specific orientation, so refer to the component 
overlay before proceeding. Be careful not to use too much 
heat when you solder in the LEDs, because excessive heat can 
easily destroy them (or the fine connecting leads inside the 
RGB LED). We recommend using a temperature-controlled 
soldering station, set tono more than around 300°C. The RGB 
LEDs sit about 5mm from the PC board, and you will need 
to also be careful that you don’t melt their plastic housing 
as you solder the leads to the copper side. 

Finally, solder in the infrared receiver module (IRD1). Its 
mounted with its leads bent down by 90° about 10mm from 
its body. Make sure its domed lens faces upwards, as shown 
in the close-up photo. 


Another view of the completed topside of the PC 
board, this time mounted on the case lid (note: 
mains version shown). Be sure to attach the warning 
label to the inside of the lid, as shown. 
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... however, there are four parts, 
including the PIC, mounted on the 
copper side (see enlargement at left). 


} 
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Testing on low voltage 


Your dimmer is now ready for its low- 
voltage operation tests. First, connect a 
12V 300mA light bulb (Jaycar SL-2656) 
between the LAMP LIVE and LAMP NEU- 
TRAL connections on the 4-way screw 
terminal block CON1 (ie, between pins 2 and 
3). That done, apply 12V AC from a plugpack 
supply to pins 1 and 4 of CON1. You can then use 
your remote control to run through the various dimmer 
modes and functions (see features panel). 

Note that the low voltage version may show signs of flicker- 
ing at high-brightness settings, because the synchronisation 
with the zero crossings of the mains will be offset by the AC 
plugpack. This problem should not occur with mains operation. 


oe ee Pe ee 


Converting to mains operation 


Having successfully tested the circuit with a 12V AC 
plugpack and light bulb, you can now disconnect power and 
install the three components for mains operation: the 470nF 
250V AC X2 capacitor (ie, remove the link), the 3.3MQ 1W 
resistor and the 1k 5W resistor. 

Having done that, the case can be prepared to accept the 
hardware. We used an IP65 sealed ABS case with clear lid, 
and with dimensions of 125mm x 85mm x 55mm. 

You will need to make two cutouts in the sides to fit the 
male chassis-mount IEC socket and the 3-pin mains outlet 
socket (GPO). The template is shown in Fig.4. The IEC socket 
is attached using two nylon M3 x 12mm screws and four 
nuts. The second nut at each location locks the first in place, 
to ensure that the IEC socket cannot possibly come loose. 

Important: do NOT use metal screws to secure the IEC socket (or PC 
board). All the circuitry inside the case will be at 230V AC potential, 
so we do not want any exposed metalwork on the case, therefore 
nylon screws must be used. For the same reason, you must house 
this project in the specified plastic case. DO NOT use a metal case. 

You now need to make the internal connections between 
the IEC input socket, the 4-way ‘Dinkle’ plug connector 
for the PC board and the 3-pin GPO socket. Use 250V AC 
3-core flex for this job. Strip the outer sheath to reveal 
the three coloured wires — brown is for live, blue is for 
the neutral and green/yellow is for the earth connection. 
Be sure to wire the Dinkle connector plug exactly as shown in 
Fig.6 and the photo below it. 
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Constructional 


WITH GROOVED 
SIDE AS SHOWN 


THE THREE COMPONENT VALUES IN GREEN & MARKED WITH AN 
COMO NENT: SDE OREO DED ASTERISK (*) ARE INSTALLED FOR 12V AC OPERATION ONLY 


COPPER SIDE OF BOARD 


Note: components marked in green must be installed first to build the low-voltage (12V AC) version for testing (see text). After testing, these parts are removed and the alternate 


parts installed for mains operation. 


Fig.3: the component overlay for both sides of the PC board. Remember that the low-voltage version (green components) 
MUST be built first and the module then tested using a 12V AC plugpack. Only if the low-voltage version passes testing 
should you proceed to install the three components needed for mains operation (marked with an asterisk — see text). 


A ratchet-driven crimping tool is needed to crimp the ends 
of the three wires connecting to the male IEC socket with the 
4.8mm spade lugs. Don’t rely on squeezing with plier-type 
(automotive) crimpers, as these will not give safe, reliable 
connections. The connections are shown in Fig.6. 

If you are unable to obtain fully-insulated 4.8mm connec- 
tors, then use non-insulated connectors, but be sure to fully 
insulate them using 6mm-diameter heatshrink tubing after 
the leads have been crimped — see photo. 

Use cable ties to secure the mains wiring, as shown in Fig.6 and 
the photos. Note particularly how the live, neutral and earth 
leads are connected to the mains outlet socket and secured 
using cable ties. The terminals are marked ‘L’ (for live), ‘N’ 
for neutral and ‘E’ for earth. Check that each mains wire is 


(LEFT-HAND END OF BOX) 


Igl it eee 
I< | 5 [<= 18 — | 5 
= -j-4 \ | 


CUTOUT FOR 
IEC MAINS 
INPUT PLUG 


run to its correct terminal on both the outlet socket and the 
IEC input connector. 


Drilling the lid 

The next step is to drill the mounting holes in the lid for the 
PC board. Fig.8 shows the mounting hole locations and can be 
used as a drilling template. The front-panel label (Fig.9) can 
then be attached. Cover the label with clear film and cut out the 
window before fitting it. It can be affixed to the lid using a thin 
smear of neutral-cure silicone sealant as the adhesive. Finally, 
cut out the three PC board mounting holes using a sharp knife. 

To improve the presentation in the magazine, we sprayed 
the outside of the case with a cream gloss plastic paint, but 
this step is unnecessary for the home constructor. This was 


(RIGHTHAND END OF BOX) 
ALL DIMENSIONS IN MILLIMETRES 


HOLES A: 3.0mm DIAMETER, 
HOLE B: 4.5mm DIAMETER 


CUTOUT : 
FOR GPO 
16.75 


Fig.4 (above): the cutouts you will need to make in the case to accommodate the IEC mains input connector and the 
230V mains outlet on the opposite end. The mains output soket (GPO) cutout will, of course, depend on the type used. 


2M x 25mm NYLON SCREWS «1 


Fig.5 (left) shows how the PC 
board ‘hangs’ from the case 
lid on M3 x 12mm tapped 
nylon spacers. Be sure to 
use nylon screws and nuts to 
secure the assembly 


CASE LID 
(CLEAR) 


~+— PC BOARD 


lee —____—_ M3 NYLON NUTS. ———— ee 


— 
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DINKLE CONNECTOR 
(INVERTED) 


MAINS LIVE 
LAMP LIVE 


LAMP NEUTRAL 
MAINS NEUTRAL 


| 


N 


IEC MALE 
MAINS INPUT 


CABLE TIE 


NOTE: USE ADDITIONAL CABLE TIES TO SECURE 
MAINS WIRES TO GPO LUGS - SEE PHOTO 


(LOWER PART OF CASE) 


Fig.6: this diagram shows the wiring within the case, and the lengths of mains-rated 
cable you’ll need. Match this with the photograph below and you can’t go wrong! 


done before the label was attached and after first removing 
the wiring and the two sockets and masking off the holes so 
that no paint could get inside. The lid was left on, but the top 
recess was masked off to leave a clear window for the LEDs 
and IR receiver. If you do paint the case, use plastic paint 
and ensure that no paint gets inside; it could compromise 
its insulation properties. 


Mounting the PC board 


The PC board is mounted on the clear lid of the case using 
three M3 x 25mm nylon screws, three M3 x 12mm nylon 
spacers and six nuts — see Fig.5. Note again that you must 
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CABLE TIE 


SPADE CO NNE CTORS7— 


WITH HEATSHRINK il bE=e 


SLEEVES > 
80mm ae 


120 mm LONG 


This close-up view shows how the GPO 
outlet socket is wired. Note how the 
wires are secured to the socket using 
cable ties. 


use nylon (NOT metal) screws and standoffs to ensure safety. 

Once the board has been mounted, the Dinkle connector 
can be plugged into CON1. As shown in one of the photos, it 
should go in with its screw terminals towards the 470nF 250V AC 
capacitor, and with the ‘mains live’ wire adjacent to Zener diode 
ZD1. Check this carefully, then attach the lid to the case. 


Fig.7: this warning 
label should be 
affixed inside the 
case, eg, to the lid. 
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The Dinkle connector is plugged into CON1, as shown here. 
Make sure that its mains live lead is adjacent to Zener diode 
ZD1 on the PC board, with the neutral wires towards the 1kQ 
5W resistor. 


Getting it going 

The next step is to use your multimeter (set to a low ohms 
range) to check between the earth pin of the IEC connector 
and the earth pin of the flush-mounting mains output socket. 
You should get a reading of zero ohms here (this checks the 
integrity of the earth connection). 

Before applying power, refer to the warning panel earlier in 
the article. All the circuitry operates at 230V AC and you must 
NOT connect this device to a mains wall socket unless it is fully 
enclosed in its plastic case (ie, with the lid on). If it’s plugged 
in, the circuit could still be live, even if the mains switch is 
off at the wall — ie, if live and neutral have been transposed 
at the wall socket. You have been warned! 


This view shows the prototype 
before the front panel was fitted. 


(1) Be sure to use the specified ABS plastic case and note that nylon 
screws must be used to secure the IEC connector and to secure the 
PC board to the lid (via tapped nylon spacers). 


(2) Use mains-rated cable for all connections to the IEC mains socket 
and to the flush-mount 3-pin mains outlet socket. Secure these leads 
with cable ties, as shown in Fig.6 and the photos. 


(3) Use fully-insulated spade connectors to terminate the leads to 
the IEC connector. A ratchet-driven crimping tool is necessary to 
fit these spade connectors and ensure safe, reliable connections. 
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Provided the lid is fastened down, you can now plug ina 
lamp and apply mains power to the unit via the IEC socket. 
If you are using a Digitech remote control from Jaycar (Cat. 
AR-1726), just set it to VCR code 917 and it should just work. 
Check the panel on the following four pages for information 
on using other remote controls. 


Reducing standby power 


Although the standby power is relatively low at about 1W, 
you may wish to eliminate this by switching power off alto- 
gether when the dimmer is not in use. The best way to do this 
is with an in-line switch in the mains cord to the IEC socket. 

When you turn power off using the switch, the bright- 
ness setting level will be restored when you apply power 
next time. 


OVERVEARDimmenfeaturesperandshowstojusesthem! 


Drilling Template 
for Lid Recess 


ALL DIMENSIONS IN MILLIMETRES 
HOLES “A” 3.0mm DIAMETER, COUNTERSINK 


Fig.8: use this diagram as a drilling template for the case lid 
(it fits in the recess in the top of the lid). 


CUT OUT 
THIS WINDOW 
BEFORE 
ATTACHING 
LABEL 


Fig.9: this full-size artwork for the front panel can be 
photocopied and glued to the lid. 
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The remote control 


We tested the Intelligent Light Dimmer with a range of universal 
infrared remote controls, including the Digitech AR-1726 (Jaycar 
Cat. AR-1726). Set the Digitech remote control to the VCR-917 
code (this is the code for a Philips VCR). This is the default 
(pre-programmed) code in the PIC micro (IC1), so if you use the 
Digitech remote, you don’t have to do anything else! 

However, the dimmer can be operated using any RC5 remote 
control, because the control codes can be ‘learnt’. There are 20 
codes that the light dimmer recognises and these are listed in 
Table 1, together with their function. 

If the light dimmer senses infrared activity, but it is not one of 
the 20 codes recognised, it will be ignored. However, if the same 
unrecognised code is pressed 10 times consecutively, the light 
dimmer will enter the remote control programming menu that lets 
you define the remote control codes for each of the 20 functions. 

Once this menu is entered (you will see the LEDs flash to 
indicate that the menu is being entered). You will then be 


prompted, by flashing LED codes, to define each of the 20 remote 
control codes used to operate the light dimmer. The LED codes 
for each command are shown in the LED Code column in Table 1. 

So, for example, when you see the LED code for ‘1’ (a single 
flash from the top green LED), you should press the key on your RC5 
remote that you want to define for the function that ‘1’ has (in this 
case, it functions both to enter settings and to set the brightness to 
11% of full brightness). 

After all 20 remote control codes have been successfully defined, 
they will be stored in EEPROM, so this only needs to be done once. 


User operation 


As noted above, up to 20 keys can be programmed with separate 
functions. For example, the number keys are used to dim to preset 
levels, while the VOL UP and DOWN buttons can dim up and down in 
fine increments. The Channel UP and DOWN keys are used to change 
the operating mode (five modes), the MENU button lets you enter one of 
the 10 menus and the INFO button lets you see the current settings and 


Recommended Key 


Definitions for the Digitech 
AR-1726 remote (defaults) 


— ne 
BBLUE x 1 + TBLUE x 2 (dimming up) or | Press ‘MUTE’ 
TBLUE x 1 + BBLUE x 2 (dimming down) 
BBLUE x 1 + TBLUE x 1 Press ‘Channel Up’ 
TBLUE x 1 + BBLUE x 1 Press ‘Channel Down’ 
menu to change a setting. Press MENU + number to 


BGREEN x 1 + TBLUE x 1 Press ‘STOP’ 
enter the appropriate menu according to Table 2. 


Dim up finely by 4% BGREENx1 = sd Press ‘Volume Up’ 
Dim down finely by 4%. BRED x 1 Press ‘Volume Down’ 


Recall your favourite brightness level and operating Press ‘Play’ 
mode (you must have previously saved those by using 
the RECORD button). 

RECORD Press to save the current brightness and operating BRED x 2 Press ‘Record’ 
mode. You will then be able to recall these settings at 
any time by pressing PLAY. 


imtoo. RED Press 
[Dimto 11% of fullbrightness. SS |TGREENX1 = Press 
[Dim to 22% of fullbrightness. SS |TGREEN2 =| Press 
[Dim to 33% of fullbrightness. SS |TGREEN3 Press) 
Press‘ 
Press‘) 
Press‘ 


LED Code 


Button Name Function(s) 

OK/ADDRESS In normal operation, this button is used to set the 
address (OK/ADDRESS + number). If inside a menu, 
it can be used to exit the menu. 

TOGGLE If light is on, dims it to off. If the light is off, dims it 
up to full brightness. If inside a menu, this is used to 
toggle the sign of the number being entered. 


Go up to the next mode. The modes are, in order: 
Normal, ZV, Sleep, Flashing and Security. 


MODE DOWN Go down to the previous mode. The modes are, in 
order: Normal, ZV, Sleep, Flashing and Security. 


In normal operation, this button is used to get 
information about the current settings. Press INFO + 
number to get the appropriate setting according to 


In normal operation, this button is used to enter a BGREEN x 1 + TRED x 1 


Pr 


Table 1: a suggested remote control code definition sequence using an RC5 remote control. This assumes you are using the 
Digitech AR-1726 universal remote control (although other universal remotes should be similar and may be used). Note that 
TGREEN denotes the top green LED, TRED the top red LED while BBLUE denotes the bottom blue LED, etc. 
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FO Reset and restore all default settings 
Time Out Period (Minutes) 


1 od (mn 
[3 oiescent ever 
[aT atress (0= Broadcast) 
[5 | Limiting Phase 0 Postve Half Cycle) 
[6 | Limiting Phase + Wegative Half cycle) 
[8 [ orset Phase 1 Wevative Half Cycle) 
[sf oimming Delay 


Table 2: the menu options. In each case, you press the 
MENU button followed by the appropriate number to 
choose that menu. Entering a menu is indicated by a 
specific sequence on the two RGB LEDs. You can then use 
other keys to set up the property (see text). In all cases, you 
press OK/ADDRESS to exit the menu. 


so on. Each time you press a recognised command, the two RGB LEDs 
will flash to acknowledge the command which will then be executed. 

When a set dimming level has been reached, there will be an 
additional acknowledgment LED code of the operating mode. 

So, for example, if you press ‘3’, the LED code for ‘3’ will be shown 
and then the dimmer will perform the command that it corresponds 
to. In this case, it will dim the light up or down in brightness so that 
it is at 33% of full brightness. When that level is reached, the light 
dimmer will issue the LED code for the current operating mode. 


Number codes 


The red blink indicates zero. One, two and three green blinks 
indicate, respectively, 1, 2, and 3. A blue blink indicates 5. Fig.10 
shows all the number codes, along with the codes for plus and minus. 
Numbers like 128 or —2400 can also be shown. These multi-digit 
numbers have their digits codes shown in order from left to right. 

When a number is displayed, the sign is displayed first. For 
example, the code to display 128 is (POSITIVE + 1 green blink + 2 


Reproduced by arrangement 
with SILICON CHIP 
magazine 2011. 
www.siliconchip.com.au 


Fig.10: the LED 
acknowledge pattern 
codes for plus and 
minus, along with the 
numbers 0 to 9. These 
LEDs are clearly visible 
through the window in 
the front panel. 
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[oa Firmware Version (HLL=version H.LL) 
a rl Time Out Period (Minutes) 


[3 | Mains Frequency (i) 
4 [nares (0=8roadcast) 
[5 | Limiting Phase 0 (Postve Half Cycle) 
[6 | imiting Phase 1 (Negative Ha Cycle) 
8 [otset Phase 1 (Negative Half Cycle) 
[8 imming Dey 


Table 3: the information options. In each case, you press 
the INFO button followed by the appropriate number to 
choose that option. The information is then displayed 
using the two RGB LEDs, and can represent decimal 
numbers by different sequences of blinks (see text). 


green blinks + 1 blue blink + 3 green blinks). To display —2400 
however, the code is (NEGATIVE + 2 green blinks + 1 green blink 
+ 1 blue blink + 1 red blink + 1 red blink). 

Once you use the light dimmer, you will quickly become used 
to the LED codes. 


Operating modes 

There are five operating modes. In order, they are: (1) Normal, 
(2) ZV, (3) Sleep, (4) Flashing and (5) Security. You use the Chan- 
nel UP and Channel DOWN buttons to change the mode. 


(1) Normal mode 


Normal mode is the default. In this mode, the light can be 
dimmed over the full range. If the timeout is not disabled, the light 
automatically dims to off if no remote control activity has been 
detected for that period of time. 

The dimming speed can be changed as well (see below). In 
this mode, you can dim the light up or down using the VOL UP and 
VOL DOWN and the number keys. You can also use the TOGGLE 
key to dim up to full brightness or dim down to off. Pressing any 
of the number buttons will dim the light to the preset level of that 
button. For example, pressing 4 will dim to about half brightness 
(actually 44%). Pressing 0 will dim to off and so on. 

If you want to change the rate at which the lamp dims, you enter 
the menu mode, press the 9 button and then enter the dimming 
delay (0 to 9999) and press OK. 


continued next page 


Fig.11: the LED 
acknowledge 
pattern codes for 
the five modes, 
plus entering and 
exiting the menu. 


NORMAL MODE 


ZV MODE 


SLEEP MODE 


FLASHING MODE “- 


SECURITY MODE 


ENTERING MENU 


EXITING MENU 


2/7 
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Timeout Period Digit 
Code (minutes) 


Timeout Period 


Power Consumption 
of a 100W light for 
the timeout period 


16.67kWh 


0000 Disabled es 


Table 4: a selection of timeout period codes (in minutes) 
and what the timeout period will be. The 4-digit code 

in the left column must be entered when prompted in 

the timeout period menu to set the appropriate timeout 
period. To disable the timeout period function, enter 

a code of ‘0000’. To enable it, enter the appropriate 
number of minutes. The maximum timeout period is 9999 
minutes, or almost a week. The longer the timeout period, 
the less chance that it will trigger when the light is in use, 
but the less power conservation protection offered. 


(2) ZV mode 


In ZV (zero voltage) mode, the light is only ON or OFF. This 
may be used for non-dimmable CFLs. You use the same dim- 
ming controls as for Normal mode, except that you only need 
to use 0 (fully off) or 1 (fully on). The TOGGLE key still retains 


its former action. 


(3) Sleep mode 


Sleep Mode functions the same as Normal mode, except that 
the light is gradually dimmed to off for the duration of the timeout 


period (when there is no IR activity). 

This is useful, for example, for set- 
ting a baby to sleep. You could set the 
timeout period to 30 minutes, set the 
dimmer to sleep mode and then set the 
initial brightness. 

While the timeout period can be 
anything from 1 minute to 1 week, the 
sleep mode function will only work with 
timeout periods between 1 minute and 
255 minutes (4.25 hours). 


(4) Flashing mode 


In Flashing mode, the light will flash 
with a 25% duty cycle at a user-set 
frequency (see below). This mode is 
useful for a shop front display or some 
form of beacon application. 


(5) Security mode 

This mode will randomly turn the 
light on and off at full brilliance, for 
a period between five minutes and 
two hours. This simulates someone 


entering a room and turning a light on, then later turning it off, 
making it perfect for giving a home an ‘occupied’ appearance even 
though no-one is at home. 

Both the on time and the off time are random; ie, they are not 
the same. They could be anywhere between (and including) five 
minutes and two hours. 


Menus and Information 

There are a number of menus that let you change the default behaviour 
of the light dimmer. To enter menu X (where X is in the range 0 to 9), 
you press MENU + X, whereas to get information on a setting you enter 
INFO + X. The complete list of menus and information options is given 
in Table 2 and Table 3. 


Timeout period 


The timeout period can be set anywhere between 1 minute and 
9999 minutes. Setting it to 0 disables the timeout function. To view 
the current timeout period, go to INFO+1, whereas to set the timeout 
period go to MENU+1. 

For example, to set the timeout period to two hours, press MENU 
+ 1 (then wait to enter the menu, which is acknowledged by an 
LED sequence — see Fig.11). Then you would type 1 + 2 + 0 + OK/ 
ADDRESS (OK/ADDRESS is used to exit the menu). 

To now view the current timeout period, type INFO + 1. You 
should see the LED code for +120. Table 4 shows some typical 
timeout periods. 


Mains frequency 


Pressing INFO + 3 gives the current mains frequency in units of 
0.1Hz. For example, a reading of 495 indicates 49.5Hz. 


Multi addressable 


Setting the light dimmer’s address is easy. Simply press MENU 
+ 4. To view the address, type INFO + 4. The address can be set 
anywhere between 1 and 9. Setting it to 0 (broadcast) disables the 
address function and makes the dimmer respond to remote control 
commands from any address. 

If the address is set to 4, for example, 


OK/ADDRESS 


the light dimmer will ignore any remote 


TOGGLE TO ON 


control commands (except INFO com- 


mands) not addressed to that address. 


This is useful if you want to control two 


TOGGLE TO OFF 


light dimmers independently with the 


MODE UP 


same remote. You simply set them to 
different addresses. 


MODE DOWN 


Suppose you set dimmer one’s address 
to 1 and the other to 2. If you want to make 


INFORMATION 


the first one listen, press OK/ADDRESS + 


1. That sets the current address for all 


MENU 


light dimmers in range. They then com- 


pare that address to their set address. If it 


DIM UP 


matches, the light dimmer will not ignore 


the received commands. 


DIM DOWN 


Now any subsequent commands will 


PLAY 


be executed by dimmer 1 but ignored by 
dimmer 2. If you now press OK/ADDRESS 


Fig.12: the LED 


RECORD 


+ 3, assuming there is no other dimmer 
nearby, both will ignore any subsequent 


acknowledge 
codes for the 


COMMAND 


commands! 


commands. 


NOT RECOGNISED [= 


You can also disable the selective ad- 


dressing by setting the dimmer’s address 
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Offset{1) 


Limiting(1) 


| > 


Fig.13: this explains the meaning of the four advanced settings. 
The offset can be a positive or a negative number, while the 
limiting value is a single unsigned 8-bit number. 


to 0. Press MENU + 4 to enter the ADDRESS menu. Then press 0 + 
OK/ADDRESS to set the address to 0 and make it listen to any address. 


Speed of dimming 


The default value for the dimming delay is 10. This gives a period 
of around five seconds to dim from one extreme to another. 

You can vary the speed of dimming by entering MENU + 9. Then 
enter the number. Possible values range from 0 (fastest) to 9999 
(extremely slow). 

To set the speed of dimming to take roughly 10 seconds from 
one extreme to another, enter the sequence MENU + 9, then wait 
to enter the menu, then enter 2 + 0 + OK/ADDRESS to set the 
dimming delay to 20. At any time, you can press INFO + 9 to see 
the set value. The dimming delay will be echoed back to you as a 
number in LED code. 


Speed of flashing 


In Flashing mode, the frequency of flashing can be varied by 
entering MENU + 2. Wait to enter the menu and then you can enter 
a number. The higher the number, the slower will be the flashing. A 
value of X gives a flashing frequency of approximately 5/(X+1) Hz. 
So for example, a value of 19 will give a 0.25Hz flashing frequency 
(or a flash roughly every four seconds). 

The default flashing value is 10, giving a flashing rate of 0.45Hz 
(roughly one flash every two seconds). 


Minimum brightness 


You can set the minimum lamp brightness which will apply at all 
times unless the dimmer is switched off by an in-line switch. 

You can set the quiescent level by pressing MENU + 3. You will 
then be able to set the quiescent level with the usual dimming buttons 
(VOL UP and VOL DOWN and the number keys). Once you are happy 
with the set level, press OK/ADDRESS to exit the menu. 

Note that if you are using the light dimmer in the ZV mode or 
flashing mode, the quiescent current level will be ignored. 
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Save and recall options 


At any time, you can use the RECORD button to store the 
current brightness and operating mode to non-volatile memory 
(EEPROM). 

When you next press the PLAY button, these settings are 
restored. This can be used to set your favourite brightness level 
to be recalled at any time in one touch. 


Advanced settings 


The firmware of this light dimmer allows fine tuning of the 
triac response, in terms of four parameters that can be set by 
the user: two limiting values and two offset values (two each for 
each of the two half cycles of the mains waveform). 

Note that you will not normally need to set these values, 
as the defaults should be suitable for most incandescent 
lamps, dimmable CFLs and halogen lamps. In the event that 
you are driving, say, a desk halogen lamp, where the 12V 
power is supplied by a transformer (plugpack), the load will 
not strictly be resistive, as the transformer would present 
an inductive load. 

In this case, this light dimmer allows you to set these four 
parameters to control the triggering of the triac and to customise 
the dimmer response. 

The limiting values ‘limitingO’ and ‘limiting1’ are 8-bit numbers 
ranging from 0x00 to OxFF (hexadecimal). The default values 
are OxFF or 255. 

The brightness level is guaranteed to always be less than 
or equal to the ‘limitingO’ value in the positive half cycle of the 
mains waveform and less than or equal to the ‘limiting1’ value 
in the negative half cycle of the mains waveform. 

A brightness level of N corresponds to the limiting value: 
V = 28 x N, where N is a digit from 0-9. As a percentage, the 
equation becomes: V = 2.55 x P where P is the percentage of full 
brightness. So, for example, a brightness level of 5 corresponds 
to the value 140 (or roughly 55% brightness). 

Suppose we want to limit the positive half cycle brightness to 
around 55% of full brightness. Then we would enter MENU + 5 
(then wait to enter the menu). Then we would type 1 + 4+ 0 + 
OK/ADDRESS. This would set the limiting value for the positive 
half cycle to around 55%. 

This gives you very fine control of the triac response. 


An example: driving a 12V halogen desk lamp 


Why would you ever need to change the default values? Sup- 
pose you are controlling a desk lamp with a 12V halogen bulb. 
The 12V is derived from a transformer in a plugpack and hence 
presents an inductive load to the light dimmer. 

The inductive load changes the phase relationship and we 
found that by choosing values of limitingO = 0 <FF and limiting1 
= 0xEO, we could prevent the desk lamp from flickering when 
set to the maximum brightness level. 

The flickering occurs because the triac triggering is occurring 
before the zero crossing of the mains rather than after. 

The offset setting is a signed 16-bit number (the default value 
is 0) which you can also set (it can range between —32768 to 
32767). The unit is 800ns. So an offset of 1500 indicates a time 
offset of 1.2ms, for example. Note that a half cycle of the mains 
(at 100Hz) equates to a 10ms period, or in other words a full 
offset of 12500. EPE 
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Sugar and space and all things nice... 


O YOU remember that poem ‘What are little girls and boys 

made of?’ that originated around the early 1800s, and that 
our parents used to recite to us when we were kids. Apparently, 
little girls were made of ‘sugar and spice and all things nice,’ 
while I and my compatriots were composed of “frogs and snails 
and puppy dogs’ tails.’ 
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Fig.1. The elements in the human body 


Have you ever wondered what we are actu- 
ally made of? Recently, I’ve started to become 
very interested in ‘stuff’? to do with elements. 
I think my interest was kicked into gear when 
I read The Disappearing Spoon by Sam Kean. 
Since then I’ve started to run across all sorts of 
interesting nuggets of knowledge, such as the 
elements forming a human body (Source: H. A. 
Harper, V. W. Rodwell, P. A. Mayes, Review of 
Physiological Chemistry, 16th ed., Lange Med- 
ical Publications, Los Altos, California 1977.) 
Consider the periodic table shown in Fig.1. 

The green squares represent the first (that 
is, the most abundant) five elements in the 
human body. Since we are about 70% water, 
it’s not surprising that hydrogen (H) and oxygen (O) appear 
in this group. Similarly, calcium (Ca) is used to form our 
bones and carbon (C) is the basis of life as we know it. I 
must admit that I was surprised to see nitrogen (N) in the 
top five, but what do I know? 

The blue boxes represent the next five elements in terms 
of abundance. These are followed by the yellow and pink 
boxes, which represent the trace and minimal-trace ele- 
ments we need to survive, respectively. Again, there are 
some surprises here. Over the last few years I know that 
scientists have discovered that minimal amounts of arse- 
nic (As) are essential, but I’m not sure what role lead (Pb) 


plays. 


By Max The Magnificent 


Elementary IC 


But wait, there’s more, because I also ran into some infor- 
mation with regard to the elements used to form integrated 
circuits, as illustrated in Fig.2 (Source: Research Directions for 
Nano-Scale Science and Technology, Tze-Chiang (T.C.) Chen, 
IBM Fellow, VP Science & Technology, Research Division). 

In this case, the green boxes reflect the elements used 
before the 1990s; the blue boxes indicate ad- 
ditional elements used after the 1990s, but 
before 2006; and the pink boxes reflect still 
more elements we started to use after 2006 to 
the present day. I don’t know about you, but I 
think it’s interesting that there are now more 
elements in a high-end integrated circuit than 
there are in a human being. 

Of course, the mind-blowing thing is that the 
majority of these elements were created in su- 
pernovae (stellar explosions), which means that 
in a very fundamental way we are all created 
from stardust (my dear old mother won’t be sur- 
prised to hear this ... she always told me I was 
special!) 


Until next time — have a good one — Max! 


-—) Before the 1990s 
-—) Before 2006 
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Fig.2. Elements used to form integrated circuits 


Check out ‘The Cool Beans Blog’ 
at www.epemag.com 


Catch up with Max and his up-to-date 
topical discussions 
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Microstick development boards for dsPIC33F and PIC24H (P/N DM330013). The Microstick for 

dsPIC33F and PIC24H devices is designed to provide an easy-to-use, economical development 
environment for 16-bit digital signal controllers and microcontrollers. The board includes an integrated 
debugger/programmer, a socket for the device under test and pins that facilitate insertion into a prototyping 
board for extremely flexible development. 


eee PRACTICAL ELECTRONICS is offering its readers the chance to win one of ten Microchip 


The Microstick offers an integrated USB programmer/debugger, which shortens learning curves. For max- 
imum flexibility, the Microstick can be used stand-alone or plugged into a prototyping board. 


Software support includes the same free MPLAB IDE and software libraries that work with all of 
Microchip’s 8/16/32-bit PIC microcontrollers and DSCs. Additionally, the dsPIC33F DSCs are supported by 
the free demo version of Microchip’s Device Blocksets for the MATLAB language and Simulink environ- 
ment, which work seamlessly within the MPLAB IDE. This combination of low-cost tools and free software 
provides an industry-leading platform for experimentation and development of smart-sensor and a host of 
other embedded-control applications. 


HOW TO ENTER 

For your chance to win a Microstick Development Board, visit: 
www.microchip-comps.com/epe-mstk and enter your details in the online 
entry form. 


CLOSING DATE 
The closing date for this offer is 31 May 2011 


Wierosties for SSPICIGF = PiG24H 
(Pere i2 DISSUOIS) 


Switch just about any plug-in mains-powered device when a 
passive infrared sensor detects a person approaching. It’s 


easy with this low-cost and easy-to-build project. 


By 
JIM ROWE 
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Mains Switch 


OU’VE seen those lights fitted 
with PIR detectors which turn 
on when someone approaches. 
But what if you want to switch on 
something else that’s mains powered? 
Perhaps it’s other security lighting? 
Possibly an AV recording or playback 
system? Maybe a fountain pump? Or 
just about anything else that can plug 
into a standard power point? 
Think outside the box: what about 
a commercial display, which you’d 
like to spring into action when there’s 
an audience close by? If so, then this 
project is for you. 
We take a bog-standard (and cheap!) 
passive infrared detector, as used in 
millions of burglar alarms, and use it to 


a2 


safely turn on 230V AC mains device(s) 
for an adjustable preset period — and 
that period is set by you. 

It’s compact and easy to build, but 
at the same time it’ll cost you much 
less than commercial PIR-triggered 
switches with similar features. 


Features 


Talking of features, what are these? 
First, it will accept trigger signals from 
virtually any standard low-cost PIR 
detector which can be located up to 
20m away, if that’s what you need. The 
two are connected together via a length 
of two-pair telephone cable — and the 
Switch Unit also provides 12V power 
for the PIR detector, via the same cable. 


Next, the switch unit uses a heavy- 
duty mains-rated relay to switch the 
power to twin 230V AC outlets. 

The relay contacts are rated for 20A, 
so the unit is quite capable of switching 
power for any likely load combination, 
up to the normal 10A limit of a standard 
power point. 

Once triggered by the PIR detector, 
the unit can keep the power switched 
on for a preset period of time, which 
you can set to any of 10 different peri- 
ods, ranging from just a few seconds to 
128 minutes (over two hours). 

This should make the unit suit- 
able for many different applications, 
especially as it is also provided with 
a manual override button that can be 
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230V OUTLETS 


S-R 
FLIP-FLOP 


MULTISTAGE 
BINARY 
COUNTER 


0A from the two outlets (the limitation of a standard power point). 


used to switch off the mains power to 
the load(s) at any time, regardless of 
the hold-on time setting. 

Finally, the Switch Unit fits in a UB2- 
sized plastic box, with all of the low 
voltage circuitry on a small PC board 
for easy assembly. 

In fact, the Switch Unit could itself 
be battery operated and switch low 
voltage devices if you like (it needs 
about 80mA at 12V). 

In addition, the ‘live’ mains wiring 
is all off the PC board, in the interests 
of safety. 

Before we explain how it works, this 
project has been sponsored by Jaycar 
Electronics, and kits will be available 
from them — see their advert in this issue. 


How it works 


As you can see from the block 
diagram of Fig.1, the project is quite 
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straightforward. At lower right is the 
built-in power supply, which provides 
regulated 12V DC to power both the 
remote PIR detector and its own inter- 
nal circuitry, plus an unregulated ~17V 
DC to power the relay. 

The output of virtually all PIR detec- 
tors is aset of relay contacts, which are 
normally closed, but open when the 
detector senses movement. 

It is this set of contacts which we 
use to trigger the mains switching 
unit, by connecting them between the 
input of aCMOS inverter and ground. 
The inverter input is also connected to 
the +12V line with resistor R1, so that 
whenever the detector contacts open, 
the inverter’s input is pulled high by 
R1 and its output switches low. 

This action is used to ‘set’ a set/reset 
flip-flop, which is normally resting 
in its reset state. When the flip-flop 


iS Shot shows yu 


the left end of th 


POWER 
SUPPLY 


switches into the set state, its Q output 
switches high. This is used to activate 
a transistor driver circuit and energise 
the relay. Power is thus switched to the 
two 230V AC outlets and the loads. 

At the same time as the S-R flip-flop 
switches to its set state, its Q output 
switches low. This output is connected 
to the master reset (MR) input of a 
multi-stage binary counter. So when 
the flip-flop sets, this removes the reset 
from the counter and allows it to begin 
counting. It counts the pulses from a 
simple clock oscillator, which runs at 
0.9375Hz (the reason for this rather 
odd frequency will become clear in a 
moment). 

The binary counter has 14 stages, 
but makes available only the outputs 
from internal flip-flops 4 to 10 (O04- 
O10) and 12 to 14 (012-014). We use 
rotary switch S2 to select one of these 
10 outputs, so the rotor of S2 is kept 
low until the selected counter output 
switches high. 

This happens as soon as the counter 
has received the appropriate number of 
clock pulses: eight pulses in the case 
of O4, 16 for O5, 32 for O6, 64 for O7 
and so on, right up to O14, which only 
switches high after 8192 pulses have 
been counted. 

Whenever the selected counter out- 
put switches high, this low-to-high tran- 
sition is coupled via capacitor C1 into 
the input of a second inverter, which is 
normally held low by resistor R2. So the 
inverter’s input is taken high briefly, as 
C1 charges up via R2. But this is long 
enough for the inverter’s output to 
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Fig.2: the circuit diagram shows how simple the PIR Mains Switch is. Note that this project switches mains, and great 


care MUST be taken with mains wiring. It is definitely not a project for beginners! 


switch low, applying a triggering pulse 
to the reset input of the S-R flop-flop. 

As a result the flip-flop switches 
back to its reset state, turning off the 
relay and removing 230V AC power 
from the loads. 

So as you can see, this combination 
of a flip-flop and a multistage binary 
counter allows us to automatically turn 
the relay off again after an appropri- 
ate number of clock pulses has been 
counted — as selected by S2. 

For example, if S2 is set to 04 of the 
counter, the relay will be turned off 
after eight pulses have been counted; 
if it’s set to O5, the turnoff will be after 
16 pulses; to O6 and it will be after 32 
pulses and so on. 
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Clock oscillator 


The reason for the apparently odd 
frequency of 0.9375Hz for the counter’s 
clock oscillator is due to the binary 
relationship between all of the counter 
outputs. 

The counter’s O6 output goes high af- 
ter 64 pulses have been counted, but by 
making the clock frequency 0.9375Hz 
we ensure that this corresponds to 60 
seconds or one minute. (That’s because 
60/64 = 0.9375.) 

The same clock frequency makes 
the switch-off times corresponding 
to the higher counter outputs also 
correspond to reasonably convenient 
multiples of minutes: two minutes 
for O8, four minutes for O9, eight 
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minutes for 010, 32 minutes for O12, 
64 minutes for 013 and 128 minutes 
for 014. The lower outputs also give 
reasonably convenient shorter times: 
30 seconds for O6, 15 seconds for O5 
and 7.5 seconds for O4. 

But what if you have set the project 
to hold the power on for, say, 64 min- 
utes after triggering and then want to 
switch it off immediately? 

That’s easily fixed, because we 
have also provided a normally open 
pushbutton switch S1, which pulls 
the inverter input high and causes 
it to reset the S-R flip-flop straight 
away. All you have to do to turn off 
the load power at any time is press 
S1 briefly. 
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TERMINAL BLock Fig.4: detail of the cable connecting a typical PIR detector 
and the Switch Unit, assuming the RJ12 socket is used on 
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the PC board. 


By the way, whenever the S-R flipflop 
is reset (and for whatever reason), this 
doesn’t just turn offthe relay and power 
to the load. It also re-applies a logic high 
to the MR input of the counter, reset- 
ting it and preventing it from counting. 
So the whole circuit is reset, ready to 
await the next trigger pulse from the 
PIR detector. 


Everyday Practical Electronics, April 2011 


Circuit details 

The schematic diagram shown 
in Fig.2 provides all of the circuit 
details. The PIR detector connects 
to the circuit via CON1, a ‘modular’ 
telephone-type connector. It receives 
12V power via pins 2 and 5 of CON1, 
while its output (switching) contacts 
are connected to pins 4 and 3. Pin 4 
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Reproduced by arrangement 
with SILICON CHIP 
magazine 2011. 
www.siliconchip.com.au 


connects to the two inputs of Schmitt 
gate IC1a, tied together so that it forms 
the input inverter. As you can see, the 
input pins are connected to +12V viaa 
10kQ resistor (the equivalent of R1 in 
Fig.1), while they are also connected to 
ground viaa 100nF capacitor to bypass 
any RF signals which may be picked 
up by the cable from the PIR detector. 
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Same-size photo clearly shows component placement on the PC board 


(Once upon a time all we had to worry 
about was radio stations. Now there’s 
TV, mobile phones, cordless phones, 
WiFi, Bluetooth, video/audio senders 
and even wireless doorbells to cause 
problems on long cables). 

Cross-coupled gates IC1d and ICib 
form the S-R flip-flop, with the output 
of ICid (pin 11) forming its Q output 
and that from IC1b (pin 4) forming the 
Q output. IC2 is a 4060B device, which 
not only provides our 14-stage binary 
counter, but also its clock oscillator 
as well. The two resistors and 680nF 
capacitor connected between pins 9, 10 
and 11 of IC2 set the clock frequency 
to 0.9375Hz. In reality, it will not be 
anywhere near as precise. 

As explained earlier, the S-R flip- 
flop’s Q output (pin 4 of IC1) is used 
to control the counter’s operation by 
pulling the MR input of IC2 (pin 12) 
high to prevent counting, or pulling it 
low to allow it to count. 

The remaining gate of IC1 (IC1c) is 
used to form the inverter for the S-R 
flip-flop’s reset input. One input of this 
gate is tied to +12V, while the other input 
(pin 8) is pulled down to earth by a15kQ 
resistor (equivalent to R2 in Fig.1) and 
coupled to the rotor of switch S2 via a 
22nF capacitor, which corresponds to 
C1 in Fig.1. Manual turn off switch S1 
also connects between pin 8 and +12V. 


Relay driver 

The Q output of IC1 (pin 11) is also 
connected to the base of transistor Q1, 
via a 10k series resistor. Q1 is the re- 
lay driver, which energises relay RLY1 
when it conducts. 
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The relay coil is connected to +17V 
via a 68Q 5W resistor for current limit- 
ing. Diode D6 is connected across the 
relay coil to protect Q1 from damage, 
due to the inductive ‘spike’ when the 
relay de-energises. LED2 and its 1kQ 
series resistor are also connected across 
the relay coil, to indicate when the relay 
— and therefore load power — is ‘ON’. 

The project’s power supply uses 
a small (2VA) power transformer T1 
driving a four-diode bridge rectifier to 
produce the unregulated output (about 
17V), which operates the relay. Regula- 
tor REG1 then derives a regulated 12V 
line from the rectifier output to provide 
power for the rest of the circuit and 
the PIR detector. LED1 and its series 
1kQ resistor are connected across the 
12V supply to indicate when power 
is applied to the switch unit and PIR 
detector. 


Construction 


There are two parts to this circuit — 
the low voltage side (which mounts on 
a small PC board) and the mains wiring. 
The small PCB, code 798, is available 
from the EPE PCB Service. 

It all fits inside a standard UB2-size 
(197mm x 113mm x 63mm) plastic box, 
with room left for the off-board (mains) 
components: the IEC mains input plug, 
power transformer T1, relay RLY1, the 
two flush-mount mains outlet sockets 
and manual turn-off switch S1. 

In our prototype, the IEC mains input 
connector is mounted in the left-hand 
end of the box. However, we have 
been informed that production kits 
from Jaycar will probably have the IEC 


connector mounted 
on the front panel 
(the box lid) adjacent 
to the mains output 
sockets. The wiring 
is the same, but take 
the changed position 
into account. 
Transformer T1 
and the mains relay 
(RLY1) are bolted 
into the bottom of 
the box alongside 
the PC board, while 
the two mains outlet 
sockets and manual 
turn-off switch (S1) 
are mounted in the 
lid of the box (which 
forms the front pan- 
el). Rotary switch S2 actually mounts 
on the PC board, but its control shaft is 
left at its full length, so that it protrudes 
through a matching hole in the lid, to 
be fitted with a small pointer knob. 


Circuit board 


The overlay/wiring diagram of Fig.3 
shows not only where all components 
go on the PC board (and their orien- 
tation), but it also shows the wiring 
connected to the off-board components 
and which joints need to be provided 
with heatshrink sleeves, to prevent 
accidental contact when the box is 
opened. So, if you follow all aspects 
of this diagram carefully, you should 
be able to build up the unit both safely 
and successfully. 

Note that there are six wire links 
(all 0.4-inch long) to be fitted to the 
PC board, preferably before any of the 
components are fitted, because this 
is the easiest time to do so. After the 
links are fitted, it’s a good idea to fit 
the seven PC pins, three of which are 
used to make the connections from the 
secondary of mains transformer T1; 
two are for the relay coil connections, 
while the remaining two pins are used 
for the wires connecting switch S1. 

Next, fit the DIL sockets for IC1 and 
IC2, making sure you fit them with 
their ‘notch’ end towards the left, so 
that they’ll guide you later in fitting 
the ICs with the correct orientation. 

Now fit CON1, the RJ12 modular 
connector, which fits at the left-hand 
end of the board. A note here: the PC 
board pattern will also accommodate 
a 4-way PC-mounting screw terminal 
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Opened-out view of the completed project. Note the heatshrink covering any 


exposed mains and the Presspahn shield over the mains outlet sockets. This photo 
is of the first prototype, which used a DIN PIR input socket — now changed to 
either an RJ12 phone-type socket or a 3-way PC board screw terminal block. 


block, if you would rather ‘hard wire’ 
the PIR to the PC board. 

After this, fit rotary switch S2, not- 
ing that it needs to be orientated with 
its indexing spigot in the ‘north-east’ 
position. After mounting it, you need 
to remove its nut, star lockwasher and 
position stop plate, then refit these in 
reverse order after making sure the 
stop plate’s locating pin is entering the 
slotted hole between the ‘10’ and ‘11’ 
numerals moulded into the top of the 
switch body. This is to ensure that the 
switch is set for 10 positions. 

Once 82 is in place and set correctly, 
fit the various resistors and smaller un- 
polarised capacitors. Follow these with 
the 22uF and 2200uF electrolytics, 
which are, of course, polarised — so 
fit these carefully according to the 
overlay diagram (Fig.3). 

Then fit signal diode D1 and the five 
power diodes D2 to D6, followed by 
transistor Q1 and regulator REG1. Note 
that both Q1 and REG1 are mounted 
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horizontally and each device is fitted 
with (or on) a small U-shaped TO-220 
type heatsink, with a 6mm-long M3 
machine screw and nut used to clamp 
them in place on the top of the board. 

The next components to fit to the 
board are LED1 and LED2. These need 
to have their leads extended using 
25mm lengths of hookup wire, so that 
the body of each LED will protrude 
through the matching holes in the box 
lid when this is fitted. Use hookup wire 
with red insulation to extend the longer 
LED anode (A) leads, and wire with 
black insulation to extend the cathode 
(C) leads. Then you shouldn’t have any 
trouble fitting the extended leads to the 
board correctly —the red anode leads go 
towards the rear of the board, and the 
black cathode leads towards the front. 


Off-board components 

Your PC board assembly is now just 
about complete, so place it aside while 
you fit the IEC mains input plug into 


the end of the box. It’s fastened into the 
matching hole via a pair of 10mm long 
countersink-head M3 machine screws, 
fitted with star lockwashers and nuts on 
the inside. Mount the power transform- 
er T1 in the bottom of the box, using 
another pair of M3 countersink-head 
10mm-long screws with flat washers, 
star lockwashers and nuts. 

Once it’s in position, fit another star 
lockwasher to the mounting screw 
nearer the IEC mains plug, and then 
slip on a solder lug, followed by a fur- 
ther lockwasher and finally a second 
nut. Tighten this last nut firmly with 
a nut driver or tube spanner so there’s 
no chance of the solder lug coming 
loose. (The lug is used to connect the 
transformer core and frame to mains 
earth, for safety.) 

Now relay RLY1 can be bolted into 
the bottom of the box in much the 
same way, except that its plastic case 
needs no earthing. So in this case, just 
use a pair of 10mm x M3 countersink 
head screws with flat washers, star 
lockwashers and nuts. 

Wiring 

Next is a 50mm length of mains-rated 
figure-8 wire, used to connect S1 to the 
board just before the box lid is fitted. 
Solder one end to the PC pins marked 
‘S1’ on the PC board and leave the other 
end for the moment. 

We specify mains-rated cable here 
due to the fact that inside the box is 
mains wiring, which (while the chance 
is very remote), could possibly come 
loose and move around. The figure-8 
itself only carries low voltage, but its 
insulation is mains rated to prevent 
any possible contact. 

At this stage, you can mount the 
PC board assembly into the box using 
four 15mm-long M3 tapped spacers, 
with four 10mm-long x M3 counter- 
sink head nylon machine screws to 
attach the spacers to the bottom of the 
box and four 6mm-long pan head M3 
screws to attach the board to the top 
of the spacers. 

Again, nylon screws are specified 
‘just in case’ — these screws pass from 
the inside of the case, where there is 
mains wiring, to the outside. 

Then you can make the connections 
between the secondary winding of T1 
and the three PC pins on the board just 
near T1. Do this by cutting all three leads 
to about 50mm long, removing about 
6mm of insulation from the end of each 


37 


Here’s a close-up view of the Presspahn insulation over the 
mains outlet sockets just before it was secured in place. 


wire and then soldering them to the terminal pins. The two 
wires with yellow insulation connect to the outer pins, while 
the wire with white insulation connects to the centre pin. 

After this, prepare two 60mm lengths of mains-rated insu- 
lated hookup wire by baring about 5mm of wire at each end, 
and then fitting a female ‘quick connect’ spade connector 
to one end of each wire. Next, slip a 25mm length of 6mm 
diameter heatshrink sleeving over each connector, and use 
a hot air gun or the barrel of your soldering iron to shrink 
the sleeves down snugly around each connector. 

After this, tin the other end of each wire and finally, solder 
them to the PC board terminal pins just to the left of the 
heatsink for Q1. These wires are used to connect between 
the board and the relay coil lugs of RLY1 — these are the two 
closer-spaced lugs on its left (assuming you’ve fitted it the 
correct way around). So, once the wires have been soldered 
to the PC board pins, push their quick connector ends down 
firmly over the relay lugs as far as they’l go. 

Next, fit the two flush-mounting mains outlet sockets to 
the lid of the box, and also fit pushbutton switch S1 into its 
hole in the lid near the other end. If you now turn the lid 
and place it near the right-hand end of the box, you should 
be able to add all of the remaining off-board mains wiring 
between the IEC mains plug, the primary winding of T1, the 
switching contacts of RLY1 and the mains outlets. Do this 
by carefully following the overlay/wiring diagram (Fig.3), 
which shows all of the wiring fairly clearly. 

How do you know if the insulation on the cable you 
want to use is mains-rated? A good source of ‘guaranteed’ 
mains-rated cable is from a length of discarded mains lead. 
It’s always handy to keep some in the junk box for purposes 
such as this. 


Mains connector 


Each of the three terminals (L, N and E) on the IEC mains 
input connector has two wires connected to it 

First the earth: a short length of green/yellow mains- 
rated wire is used to make the connection between the IEC 
connector’s centre earth lug and the solder lug fitted to the 
left-hand end of T1, while another much longer piece of 
the same wire (~160mm) is used to connect to the earth 
connection of each mains outlet socket. Both wires should 
be soldered together to the IEC plug’s centre lug, to ensure 
a good reliable connection for them both. 
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Parts List - 
PIR-Triggered Mains Switch 


PC board, code 798, available from the EPE PCB 
Service, size 147mm x 69mm 
UB2-size plastic box, 197mm x 118mm x 638mm 
PIR sensor (see text) 
Heatsinks, 19mm square TO-220 type 
Pushbutton switch, SPST ($1) 
Rotary switch, 1-pole 12-position (S2) 
Pointer knob with removable pointer inset 
6-pin RJ12 socket, PC board mtg (CON1) or 
3-way PC board mounting terminal block (see text) 
14-pin DIL IC socket (for IC1) 
16-pin DIL IC socket (for IC2) 
Power transformer, 12.6V/2VA, 2851 type 
20A mains-rated relay, chassis mtg (RLY1) 
IEC mains plug, panel mounting 
Mains sockets, flush mounting panel type 
15mm-long M3 tapped spacer 
ONylon M3 machine screws, 10mm-long CSK head 
M3 machine screws, 6mm-long pan head 
M3 nuts with flat and star lockwashers 
Solder lug 
Nylon cable ties, 100mm long 
Quick connectors, female spade type 
25mm lengths of 6mm diameter heatshrink tubing 
PC board terminal pins, 1mm diameter 
90 x 104mm piece ‘Presspahn’ or similar insulation 


oh, 


|— BRP — | =] = = 


emiconductors 

4093B quad Schmitt NAND (IC1) 
4060B binary counter (IC2) 

7812 12V regulator (REG1) 
BD139 NPN transistor (Q1) 
5mm LED, green (LED1) 

5mm LED, red (LED2) 

1 N4148 silicon diode (D1) 
1N4004 1A power diode (D2-D6) 


Capacitors 

1 2200uF 25V RB electrolytic 
1 22uF 16V RB electrolytic 

1 680nF metallised polyester 
3 100nF metallised polyester 
1 22nF metallised polyester 


6 
8 
1 
8 
6 
6 
iy 
1 
S 
1 
1 
1 
1 
1 
1 
1 
rs) 


Resistors (0.25W 1% unless specified) 
1 1MQ 1 15kQ 3 10kQ2 
1 680/5W wirewound 


The design of this kit and PC board are 
Copyright (C) to Jaycar Electronics. 

Kits (cat no KC5455) will be available from 
Jaycar Electronics - see their ad. 


2 1kQ 


The mains (live and neutral) wires are not soldered to 
the lugs on the IEC socket, but connected via quick-connect 
female spade connectors. Each of these connectors has a 
25mm length of heatshrink insulation fitted so that they are 
completely covered. Cut two 25mm lengths of heatshrink, 
pass the two wires through and slide the heatshrink well up 
before soldering. Otherwise they may shrink from the heat of 
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soldering before you get them over the 
quick-connect spade terminals. 

The ‘L’ terminal of the IEC connec- 
tor has the brown (live) wire from 
the transformer primary, along with 
a 160mm-long mains-rated wire with 
brown insulation, which goes to one 
of the switching terminals of the relay, 
again via a quick-connect female spade 
connector. Another, similar, length of 
the same wire (also fitted with an in- 
sulated spade connector) goes from the 
other switching terminal of the relay 
with its opposite end going to both the 
‘L’ screw terminals of the mains sockets. 

The second primary wire from the 
transformer (with blue insulation) at- 
taches via an insulated female spade 
terminal to the ‘N’ terminal of the IEC 
connector, along with an even longer 
wire (about 300mm) whose opposite 
end screws into both the ‘N’ terminals 
of the mains output sockets. 

When you have soldered all wires to 
their female spade connectors, slide the 
lengths of heatshrink back down the 
wires so that the connectors are fully 
covered, then shrink with a heat gun. 
When you push the female connectors 
onto their appropriate male spade ter- 
minals, there must be no exposed mains 
wiring or metalwork visible. 

Once you’ve completed the mains 
wiring, it’s a good idea to tidy it all up 
using about six small cable ties as shown 
in the overlay diagram. This doesn’t 
just make the wiring look tidier; it also 
helps ensure that in the unlikely event 
of a live wire breaking off anywhere, it 
can’t ‘wander’ far enough to make con- 
tact with any of the low voltage wiring. 

With the cable ties fitted, the next 
step is to swing the box lid around so 
it’s just in front of the box, so you can 
solder the two wires coming from the 
PC board pins (just to the left of the 
socket for IC1) to the lugs on the rear of 
pushbutton S1. We also covered these 
joins in heatshrink — just in case. 


Insulating shield 


You will note from our photographs 
that we also shielded the two mains 
outlet sockets with an insulating ma- 
terial — again, just in case. In the past, 
the most usual material to use was a 
product called ‘Presspahn’ but that is 
becoming rather difficult to get these 
days (at least in small quantities). 

We used a piece of cardboard which 
has a PVC insulation on one side. 
Other ideas that spring to mind are 
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Fig.5: the detail for the insulating shield 
over the mains outlet sockets. It secures 
under the outlet backs. 


« 90mm 


thin plastic or perhaps a sheet of plastic 
laminated paper. 

The U-shaped shield, the dimension 
of which are shown in Fig.5, is fixed 
to the case by slightly undoing the 
mains socket mounting screws and 
‘sandwiching’ the insulation between 
the back of the mains socket and the 
case (tightening the screws again to 
keep it in place). 


Final assembly 


After this, the final assembly step is to 
plug the two ICs into their sockets, mak- 
ing sure you fit them with their ‘notch’ 
ends towards the left in each case. 

The internal wiring of your PIR 
Triggered Mains Switch will now be 
complete and you can swing the box lid 
up and lower it into position, carefully 
making sure that the control spindle of 
S2 and the two LEDs pass through their 
corresponding holes and that no internal 
wiring is pinched between box and lid. 

You should then be able to fit the 
pointer knob to S2’s spindle, and also 
screw the lid down using the four small 
self-tapping screws provided. 

If you find the pointer on the knob 
doesn’t point to the right place, the knob 
specified has a small inset plate at the 
top, which can be prised off and rotated 
to get the pointer in the correct position. 


PIR wiring 

There is no testing or adjustment 
procedure required for this project; 
it should operate as soon as power is 
applied. However, you will, no doubt, 
have to make up a cable to connect the 
project to the PIR detector unit you have 
chosen to use with it. Needless to say, 
the cable will need to be long enough 
to run for the distance between them. 


It should be very easy to make up 
the cable, because we’ve made the 
connector for the Switch end an RJ12 
modular socket and used only the four 
centre pins of it. As a result, you can 
make the cable easily by ‘converting’ a 
standard low-cost modular telephone 
extension lead, sold in lengths up to at 
least 15m. These leads are fitted with 
an RJ12 (6P/4C) plug at each end, so all 
you need to do is cut off the RJ12 plug 
at one end, and then remove the outer 
sleeve at that end to reveal the four 
wires, which will be used to connect 
to the PIR Detector’s terminals. 

The PC board also has provision for 
a standard 3-way terminal block if you 
prefer to wire the PIR detector in that 
way. Both inputs are shown on the 
overlay diagram. 

The way to make the connections 
at the PIR Detector end of the cable is 
shown in Fig.4. As you can see, it’s quite 
straightforward: the 12V power wires 
from pins 2 and 5 of the RJ12 plug con- 
nect to the positive and negative power 
terminals, while the wires from pins 3 
and 4 of the plug connect to the two end 
terminals of the four provided for con- 
nections to the normally closed ‘detect’ 
contacts and the ‘tamper’ (or box open- 
ing) sensor switch. Then the two centre 
terminals are linked by a short length of 
wire, as shown, to connect the two pairs 
of normally closed contacts in series. 


In use 


That’s about it. Connect up the PIR 
Detector to your completed Switch Unit 
and also connect a 230V IEC power 
lead to the Switch Unit’s IEC input 
plug. At power-up you should find 
that the green power LED (LED1) on 
the Switch Unit will turn on to show 
that the circuit is active. 

As soon as the PIR Detector senses 
any movement, the Switch Unit’s red 
LED2 should also turn on to indicate 
that the mains switch has been trig- 
gered on. It should continue glowing for 
whatever period of time corresponds 
to the setting of switch S2 — anywhere 
between 7.5 seconds and 128 minutes. 
If you plug some lights into one of 
the Switch Unit’s mains outlets, they 
should also receive power for the same 
period of time following a trigger event. 

Check that the timing period is cor- 
rect (see comment earlier about moving 
the pointer on the knob) and also check 
that pushbutton S1 turns off the load 
power (and LED2) when pressed. EPE 


Be, 


Constructional Project 


A simple way to copy slides onto your computer's hard drive 


A Quick’n’Easy 
Digital Slide ‘Scanner’ 


Do you have a large collection of slides which are deteriorating by 
the day? Are they growing mouldy or becoming discoloured? Then 
there is no time to waste. Get them onto your computer’s hard drive 
before it is too late. This method is very quick, simple and does not 


require any electronics. 


E’RE SURE a lot of readers 
would be familiar with this 
problem, because many 


people have large collections of slides 
(transparencies) which they have 
collected over the years, or boxes in- 
herited as older generations pass on. 

They’re often of too much senti- 
mental value to throw out, so they sit 
in the back of a cupboard somewhere, 
not seeing the light of day for perhaps 
decades. 

But if you have looked at any of 
them recently, you may well be hor- 
rified at their deterioration. Slides 
suffer from two main problems — they 
discolour or they grow mouldy. 


Preservation 


So how do you preserve your price- 
less family history? If you don’t do 
something soon, it may well be too 
late to recover any image at all. Once 
an image starts to deteriorate, it keeps 
on deteriorating. And some slide films 
of yesteryear are well known for deter- 
iorating virtually from day one! 

Perhaps you even have a scanner — 
but have been putting it off for a rainy 
day when you will ‘get down to it’. 

Unfortunately, most flat-bed scan- 
ners are not suitable for scanning slides 
because their light source is reflective, 
not transmissive. Even flat-bed scan- 
ners with transparency adaptors are 
seldom ideal, being a compromise. 
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To scan a transparency properly, 
you need a scanner designed for the 
purpose. And they don’t come all that 
cheap (unless you can pick one up on 
eBay — and if you want one, there are 
quite a few to choose from!). 

But there is a method available to 
anyone with a reasonable digital cam- 
era (say five megapixels or better, with 
a macro lens). 

With that, you already have most of 
the solution. With the simple set-up 


Design by 
BRIAN COULSON 


described here, you can rapidly scana 
lot of slides— much more quickly than 
if you used a specialised scanner. 


It’s cheap, and works 
reasonably well! 


We must point out that the method 
described here can never achieve as 
good aresult as you would get from a 
dedicated slide scanner. 

In fact, we did an A:B comparison 
with our Canon slide scanner and 


Reproduced by arrangement 
with SILICON CHIP 
magazine 2011. 
www.siliconchip.com.au 


A light source (40W bulb mounted in a tin can!), a slide holder with an ice-cream 
carton lid ‘neutral-density’ filter and a digital camera with macro lens — that’s all 
there is to this ‘you-beaut’ digital slide scanner! 
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Here’s the result we achieved using the set-up described here. 
It’s not too bad, considering the simplicity — but you would 
not be able to enlarge it much beyond postcard size. The 
other BIG advantage is that this took about 10 seconds to set 


up and capture. 


found that while the method works, 
and is fast, the comparison of quality 
ofresultant picture is chalk and cheese, 
especially if you want to enlarge the 
image beyond postcard size. 

We’ve reproduced a couple of im- 
ages from our experiments to show 
the difference. We used both a 5MP 
Fuji ‘happy snap’ (albeit with macro 
function) and a 6MP Nikon DSLR fit- 
ted with a quality macro lens. 

There wasn’t much difference. We 
found that we could print both to 
postcard size; any larger and the quick 
method resulted in quite markedly 
inferior results. 

Having said that, we know that by 
far the lion’s share of prints made 
from digital images are no bigger than 
postcard size, so this limitation may 
not even be of much concern. It’s cer- 
tainly good enough to share among 
family members. 

If you have a digital camera, give it 
a go: you have nothing to lose except 
a bit of time! 


The set-up 


The complete set-up consists of a 
digital camera, a slide holder, which 
doubles as a glare shield and a light 
source. The camera shown in these 
photos is a Ricoh 3MP with macro. 
Its minimum focus distance (macro) 
is 12mm. It was used in the macro 
mode; the distance from the lens (ex- 
tended) to the slide was about 25mm. 
But as already noted, we think you 
should use a five-megapixel camera 
as a minimum (they are becoming 
remarkably cheap these days). 


Everyday Practical Electronics, April 2011 


Constructional 


For comparison, this is from our dedicated Canon 4000AS Slide 
Scanner. Overall, the definition is quite a lot better — but this took 
about ten minutes to set up, scan and save! Limitations of the offset 
printing process may not show the resolution, but this could be 


enlarged to A3+ without problems. 


The method is very simple. A slide is 
placed in the holder, which is backlit by 
a standard 230V/240V AC 40W incan- 
descent bulb. A neutral density filter 
placed behind the slide stops it getting 
too hot, while at the same time ensures 
that the light is evenly distributed. 

The camera is focussed onto the slide, 
you press the button and you are done. 
You only have to focus the camera once, 
as it remains in position for each shot. 

Once you get into the swing of 
things, removing and replacing slides 
and pressing the shutter button, you 
can scan slides at the rate of one every 
few seconds. 

You can certainly get through a 
batch of a few hundred in under an 
hour. Take it from us; this is very 
much faster than you could do it with 
a specialised slide scanner. 

After you have done a batch, you can 
download the shots into your computer 
for further processing with Photoshop 
or similar photo-processing software. 

You could then print them on your 
own colour inkjet or laser, or simply take 
a CD or flash memory stick to the local 
digital processor to get them printed. 

The slide holder is very basic and 
we are sure that readers will be able to 
come up with more refined versions, 
if they wish. As you can see from the 
photo, it consists of a piece of timber 
with a block at one end to place it on 
a slope. The slide holder was made 
from two pieces of ‘3-ply’, with ap- 
propriate cutouts, glued together. Note 
that the holder is open on the camera 
side, which makes for faster loading 
of the slide. 


Having the unit on a slope helps 
hold the slide in position, as well as 
making it easier to view the camera’s 
rear fixed screen. Although the featured 
camera only has auto focus in the macro 
mode, this did not prove a problem, as 
it focuses in about a second. 

The overall dimensions of the slide 
holder may seem larger than neces- 
sary, but it also functions as a light 
shield when you are working at the 
camera end. 


Light source 


The light source is a standard clear 
40W Crompton Fancy Round incan- 
descent lamp, mounted in a standard 
cordgrip lampholder and fitted inside 
an 825ml fruit tin. The clear lamp was 
found to give better lighting than a 
40W frosted lamp. 

The fruit tin protects the light from 
physical damage and prevents contact 
with the very hot bulb. The tin itself 
gets quite hot, but not nearly as hot as 
the naked bulb, and it prevents local 
glare and light flare. 

The neutral density diffuser on the 
slide holder is a piece of white plastic 
cut from an ice-cream container. 

So there you are: a crude and sim- 
ple jig for scanning all those slides. It 
does not need to be anything fancy, al- 
though we would be inclined to make 
a better mounting arrangement for the 
camera, so that if it is set up for fixed 
focus, it will not move around while 
you shoot each slide. 

Our thanks to Brian Coulson for 
coming up with this very simple 
set-up. EPE 
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P928-X PIC Training Course £168 


The best place to begin learning about microcontrollers is the PIC16F1827, the 
new, incredible value, 18 pin PIC. All the features of the PIC16F627A plus an 
analogue to digital converter, four times as much memory, and 10% cheaper. Yet 
it is just as easy to programme. 

Our PIC training course starts in the very simplest way. At the heart of our 
system are two real books which lie open on your desk while you use your 
computer to type in the programme and control the hardware. Start with four 
simple programmes. Run the simulator to see how they work. Test them with real 
hardware. Follow on with a little theory..... 

Our PIC training course consists of our PIC programmer, a 318 page book 
teaching the fundamentals of PIC programming, a 304 page book introducing the 
C language, and a suite of programmes to run on a PC. The module uses a PIC 
to handle the timing, programming and voltage switching. Two ZIF sockets allow 
most 8, 18, 28 and 40 pin PICs to be programmed. The programming is performed 
at 5 volts, verified with 2 volts or 3 volts and verified again with 5.5 volts to ensure 
that the PIC works over its full operating voltage. UK orders include a plugtop 
power supply. 

P928-X PIC Training & Development Course comprising..... 
Enhanced 16F and 18F PIC programmer module 

+ Book Experimenting with PIC Microcontrollers 

+ Book Experimenting with PIC C 5th Edition 

+ PIC assembler and C compiler software on CD 

+ PIC16F1827, PIC16F1936 and PIC18F2321 test PICs 

+ USB adaptor and USB cable........... £168.00 

(Postage & insurance UK £10, Europe £18, Rest of world £27) 


Experimenting with PIC Microcontrollers 


This book introduces PIC programming by jumping straight in with four 
easy experiments. The first is explained over seven pages assuming 
no starting knowledge of PICs. Then having gained some experience 
we study the basic principles of PIC programming, learn about the 
8 bit timer, how to drive the liquid crystal display, create a real time clock, 
experiment with the watchdog timer, sleep mode, beeps and music, 
including a rendition of Beethoven’s Fur Elise. Then there are two projects 
to work through, using a PIC as a sinewave generator, and monitoring 
the power taken by domestic appliances. Then we adapt the experiments 
to use the PIC18F2321. In the space of 24 experiments, two projects 
and 56 exercises we work through from absolute beginner to experienced 
engineer level using the very latest PICs. 


Experimenting with PIC C 


The second book starts with an easy to understand explanation of how 
to write simple PIC programmes in C. Then we begin with four easy 
experiments to learn about loops. We use the 8/16 bit timers, write text and 
variables to the LCD, use the keypad, produce a siren sound, a freezer 
thaw warning device, measure temperatures, drive white LEDs, control 
motors, switch mains voltages, and experiment with serial communication. 


PH28 Training Course £193 


PIC training and Visual C# training combined into one 
course. This is the same as the P928 course with an extra 
book teaching about serial communication. 

The first two books and the programmer module are the 
same as the P928. The third book starts with very simple 
PC to PIC experiments. We use PC assembler to flash 
the LEDs on the programmer module and write text to the 
LCD. Then we learn to use Visual C# on the PC. Flash 
the LEDs, write text to the LCD, gradually creating more 
complex routines until a full digital storage oscilloscope 
is created. (Postage & ins UK £10, Europe £22, rest of 
world £34). 


BSPWA version 7.2 


Exactly the same text as you type into our PIC assembler 
BSPWA can be used in the official Microchip assembler 
MPASM. The difference is that BSPWA has been designed 
so beginners can concentrate on learning to programme 
PICs without the worry of the complications of MPASM. 
Later if you do need to use MPASM you will find your 
existing text runs just as well. But BSPWA is not a simple 
PIC assembler. It is extremely easy to get started, with 
very obvious buttons to click (the next button to click turns 
green). But as you become experienced you will appreciate 
the complex features. There are three independent editors 
screen 1, 2, and 3 which streamline editing, and a system 
for yellow highlighting the differences between screens 1 
and 2, and a sophisticated selectable library for creating 
the subroutine text for a new project. For details of BSPWA 
see www.brunningsoftware.co.uk/BSPWAv7.htm. 


Ordering Information 


Our P928 course is supplied with a USB adaptor and 
USB lead as standard. All software referred to in this 
advertisement will operate within Windows XP, NT, 2000, 
Vista, 7 etc. 

Telephone with Visa, MasterCard or Switch, or send 
cheque/PO. All prices include VAT if applicable. 


White LED and Motors 


Our PIC training system uses a very practical approach. 
Towards the end of the PIC C book circuits need to be built on 
the plugboard. The 5 volt supply which is already wired to the 
plugboard has a current limit setting which ensures that even the 
most severe wiring errors will not be a fire hazard and are very 
unlikely to damage PICs or other ICs. 

We use a PIC16F1827 as a freezer thaw monitor, as a step up 
switching regulator to drive 3 ultra bright white LEDs, and to control 
the speed of a DC motor with maximum torque still available. A kit 


of parts can be purchased (£31) to build the circuits using the white 


Web site:- www.brunningsoftware.co.uk 


Mail order address: 


Brunning Software 


LEDs and the two motors. See our web site for details. 


138 The Street, Little Clacton, Clacton-on-sea, 
Essex, CO16 9LS. Tel 01255 862308 


Teach-In 201 


A BROAD-BASED PR cron nf , 
TO ELECTROIICS 


Part 6: Logic circuits 


By Mike and Richard Tooley 


THM NNO 


Our Teach-In series is designed to provide you with a broad-based introduction to electronics. We have 
attempted to provide coverage of three of the most important electronics units that are currently studied in 
many schools and colleges in the UK. These include Edexcel BTEC Level 2 awards, as well as electronics 
units of the new Diploma in Engineering (also at Level 2). The series will also provide the more experienced 
reader with an opportunity to ‘brush up’ on specific topics with which he or she may be less familiar. 


Each part of our Teach-In series is organised under five main headings; Learn, Check, Build, Investigate and 
Amaze. Learn will teach you the theory, Check will help you to check your understanding, and Build will give 
you an opportunity to build and test simple electronic circuits. Investigate will provide you with a challenge 
which will allow you to further extend your learning, and finally, Amaze will show you the ‘wow factor’! 


we introduce the basic build- 

ing blocks of digital circuits. 
We explain the operation of each 
of the most common types of logic 
gate and show how they can be 
combined together in order to solve 
more complex logic problems. We 
also introduce bistable circuits and 
show how they can be used to re- 
member a momentary event. 

We shall be using Circuit Wizard 
to investigate each of the basic 
logic gates before moving on to 
explore some applications. Finally, 
in Amaze we look at how recent 
advances in technology have pro- 
vided us with digital circuits that 
are capable of operation at speeds 
that are increasingly fast. 


' N THIS instalment of Teach-In 


it 


ro Le ann == 
Digital logic 

Logic circuits are the basic build- 
ing blocks of digital circuits and 
systems. Logic circuits have inputs 
and outputs that can only exist in 
one of two discrete states, variously 
known as ‘on’ and ‘off’, ‘high’ and 
‘low. Or’ 1 and “0. 

Logic circuits usually have several 
inputs and one or more outputs. At 
any instant of time, the state of the 
inputs will determine the state of 
the output, according to the logic 
function provided by the circuit. 

Ifthis is beginning to sound a little 
complicated, let’s look at a couple 
of simple logic functions that can be 
satisfied using nothing more than a 


couple of switches and a lamp and 
battery. 

Consider the circuit shown in 
Fig.6.1. In this circuit, a battery 
is connected to a lamp via two 
switches, A and B. It should be 
obvious that the lamp will only 
operate when both of the switches 
are closed (ie, both A AND B are 
closed). 

Let’s look at the operation of the 
circuit in a little more detail. Since 
there are two switches (A and B) 
and there are two possible states for 
each switch (open or closed), there 
is atotal of four possible conditions 
for the circuit. We have summarised 
these states in Fig.6.2. 

Note that the two states (ie, open 
or closed) are mutually exclusive 
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Fig.6.4. OR switch and lamp logic 


and that the switches cannot exist 
in any other state than completely 
open or completely closed. Because 
of this, we can represent the state of 
the switches using the binary digits, 
O and 1, where an open switch is 
represented by 0 and aclosed switch 
by a 1. Furthermore, if we assume 
that ‘no light’ is represented by a 0 
and ‘light on’ is represented by a 1, 
we can rewrite Fig.6.2 in the form 
of a truth table, as shown in Fig.6.3. 

Another circuit with two switches 
is shown in Fig.6.4. This circuit 
differs from that shown in Fig.6.1 
by virtue of the fact that the two 
switches are connected in parallel 
rather than in series. In this case, 
the lamp will operate when either of 
the two switches is closed (in other 
words, when A OR B is closed). 

As before, there is a total of four 
possible conditions for the circuit. 
We can summarise these conditions 
in Fig.6.5. Once again, adopting the 
convention that an open switch can 
be represented by 0 and a closed 
switch by 1, we can rewrite the truth 
table in terms of the binary states, 
as shown in Fig.6.6. 
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Open Open 


Open Closed 
Closed 


Closed 


Open 
Closed 


Open Open 


Open Closed 
Closed 


Closed 


Open 
Closed 
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Switch A Switch B Lamp LP1 
Off 


Off 
Off 
On 


Fig.6.2. Possible states for the circuit of Fig.6.1 


Fig.6.3 (right). Truth table for the AND switch and lamp logic 


Switch A Switch B Lamp LP1 
Off 


On 
On 
On 


Fig.6.5. Possible states for the circuit of Fig. 6.4 


Fig.6.6 (right). Truth table for the OR switch and lamp logic 


The basic logic functions can 
be combined to produce circuits 
that satisfy a more complex logi- 
cal operation. For example, Fig.6.7 
shows a simple switching circuit 
in which the lamp will operate 
when switch A AND either switch 
B OR switch Cis closed. The truth 
table for this arrangement is shown 
iit FIs, 6.8; 


Logic gates 
Logic gates are building blocks 
that are designed to produce the 


basic logic functions, AND, OR, 
NOT, etc. These circuits are de- 
signed to be interconnected into 
larger, more complex, logic circuit 
arrangements. 

Each gate type has its own symbol 
and we have shown both the Brit- 
ish Standard (BS) symbol together 
with the more universally accepted 
American Standard (MIL/ANSIJ) 
symbol. Note that, while inverters 
and buffers each have only one in- 
put, exclusive-OR gates have two 
inputs and the other basic gates 


> 
= oO oO] 8 


— 


) 
0 
1 
1 


Fig.6.7. Simple switching circuit using AND and OR logic 


Fig.6.8 (right). Truth table for the simple switching circuit shown in Fig.6.7 
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Symbols 
Logic Function Truth Table 
MIL/ANSI 
x | 
Buffer (| fe 


Inverter (NOT) 


2-input NAND 


2-input NOR 


2-input 
Exclusive-OR 


2-input 
Exclusive-NOR 


Fig.6.9. Logic gate symbols and truth tables 


(eg, AND, OR, NAND and NOR) 
are commonly available with up to 
eight inputs. 

Some of the logic gates shown 
in Fig.6.9 have inverted outputs. 
These gates are the NOT, NAND, 
NOR, and Exclusive-NOR and the 
small circle at the output of the 
gate (see Fig.6.10a) indicates this 
inversion. It is important to note 
that the output of an inverted gate 
(eg, NOR) is identical to that of the 
same (ie, non-inverted) function 
with its output connected to an 
inverter (or NOT gate) as shown 
in Fig.6.10b). 

The logical function of a logic gate 
can also be described using Boolean 
notation. In this type of notation, the 
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circuit 


OR function is represented by a ‘+’ 
symbol, the AND function by a ‘e’ 
sign, and the NOT function by an 
overscore or ‘/’. Thus the output, Y, 
of an OR gate with inputs A and B 
can be represented by the Boolean 
algebraic expression: 


Y=A+B 


Similarly, the output of an AND 
gate can be shown as: 


Y=A ¢B 


We shall now briefly summarise 
the logic functions of each of the 
basic logic gates that we met earlier 
in Fig.6.9: 


Fig.6.11 (above). Majority 
vote logic circuit 


Fig.6.12 (right). Truth table 
for the majority vote logic 


Circle denotes inversion 


wn 


(a) 


SL * 


Fig.6.10. Logic gates with inverted outputs 


0 
0 
0 
0 
1 
1 
1 
Iie 


Buffers 


Buffers do not affect the logical 
state of a digital signal (ie, a logic 
1 input results in a logic 1 output, 
and a logic 0 input results in a logic 
0 output). Buffers are normally used 
to provide extra current drive at the 
output, but can also be used to regu- 
larise the logic levels present at an 
interface. The Boolean expression 
for the output, Y, of a buffer with 
an input, X,is Y = X. 
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(A+/B)+(B-/A) 


Fig.6.13. An exclusive-OR gate produced from AND, OR and NOT gates 


Inverters 


Inverters are used to complement 
the logical state (ie, a logic 1 input 
results in a logic 0 output and vice 
versa). Inverters also provide extra 
current drive and, like buffers, are 
used in interfacing applications 
where they provide a means of 
regularising logic levels present 
at the input or output of a digital 
system. The Boolean expression for 
the output, Y, of an inverter with an 
input, X, is Y =/X. 


AND gates 


AND gates will only produce a 
logic 1 output when all inputs are 
simultaneously at logic 1. Any other 
input combination results in a logic 
O output. The Boolean expression 
for the output, Y, of an AND gate 
with inputs, A and B, is Y=A e B. 


OR gates 


OR gates will produce a logic 1 
output whenever any one, or more 
inputs are at logic 1. Putting this 
another way, an OR gate will only 
produce a logic 0 output whenever 
all of its inputs are simultaneously 
at logic 0. The Boolean expression 
for the output, Y, of an OR gate with 
inputs, A and B, is Y=A+B. 


NAND gates 

NAND (ie, NOT-AND) gates will 
only produce a logic 0 output when 
all inputs are simultaneously at 
logic 1. Any other input combina- 
tion will produce a logic 1 output. 
A NAND gate, therefore, is nothing 
more than an AND gate with its 
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output inverted! The circle shown 
at the output denotes this inversion. 
The Boolean expression for the out- 
put, Y, of a NAND gate with inputs, 
AandB,is Y=A eB. 


NOR gates 


NOR (ie, NOT-OR) gates will only 
produce a logic 1 output when all 
inputs are simultaneously at logic 
0. Any other input combination 
will produce a logic 0 output. A 
NOR gate, therefore, is simply an 
OR gate with its output inverted. 
A circle is again used to indicate 
inversion. The Boolean expression 
for the output, Y, of a NOR gate with 
inputs, A and B, is Y=A+B. 


Exclusive-OR gates 


Exclusive-OR gates will produce a 
logic 1 output whenever either one 
of the two inputs is at logic 1 and 
the other is at logic 0. Exclusive- 
OR gates produce a logic 0 output 
whenever both inputs have the 
same logical state (ie, when both 
are at logic O or both are at logic 
1). The Boolean expression for the 
output, Y, of an exclusive-OR gate 
with inputs, A and B, is Y = (A e 
/B) + (B e /A). 


Exclusive-NOR gates 


Exclusive-NOR gates will produce 
a logic 0 output whenever either one 
of the two inputs is at logic 1 and 
the other is at logic 0. Exclusive- 
NOR gates produce a logic 1 output 
whenever both inputs have the same 
logical state (ie, when both are at 
logic O or both are at logic 1). The 
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Boolean expression for the output, 
Y, of an exclusive-NOR gate with 
inputs, A and B, is 

Y =(A e /B) + (B @ /A) 


Combinational logic 


The basic logic gates can be com- 
bined together to solve more complex 
logic functions. This is made possible 
by adopting a standard range of logic 
levels (ie, voltage levels used to repre- 
sent the logic 1 and logic 0 states) so 
that the output of one logic circuit is 
compatible with the input of another. 

As an example, let’s assume that 
we require a logic circuit that will 
produce a logic 1 output whenever 
two, or more, of its three inputs 
are at logic 1. This circuit (shown 
in Fig.6.11) is often referred to as a 
majority vote circuit, and its truth 
table is shown in Fig.6.12. 

Note that the outputs of the three 
two-input AND gates are fed to the 
three inputs of the OR gate, and 
that the output of the OR gate will 
become logic 1 whenever any one 
or more of the two-input AND gates 
detects a condition in which two 
of the inputs are simultaneously 
at logic 1. 

As a further example, consider 
how we might combine several 
of the basic logic gates (AND, OR 
and NOT) in order to realise the 
exclusive-OR function. In order 
to solve this problem, consider 
the Boolean expression for the 
exclusive-OR function that we 
met earlier: 


Y =(A e /B) + (B @ /A) 


/A and /B can be obtained by 
simply inverting A and B respec- 
tively. Then, A ¢ /B and B e /Acan 
be obtained using two two-input 
AND gates. Finally, these two can 
be applied to a two-input OR gate 
in order to obtain the required 
logic function, (A e /B) + (B e /A). 
The complete solution is shown in 
Fig:6.13. 
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Bistables 


Bistable circuits provide us with 
a means of remembering a transient 
logic condition. For example, the 
logic that controls a lift must re- 
member that the lift has been called 
in response to a push-button that 
only requires momentary operation. 

As its name suggests, the output 
of a bistable (or flip-flop) circuit has 
two stables states (logic 0 or logic 
1). Once set, the output of a bist- 
able will remain at logic 1 or logic 
O for an indefinite period, or until 
the bistable is reset. A bistable thus 
forms a simple form of memory, re- 
maining in its latched state (either 
set or reset) until a signal is applied 
to it to change its state (or until the 
supply is disconnected). 

The simplest form of bistable is 
the R-S bistable. This device has two 
inputs, SET and RESET, and comple- 
mentary outputs, Q and Q. A logic 1 
applied to the SET input will cause 
the Q output to become (or remain at) 
logic 1, while a logic 1 applied to the 
RESET input will cause the Q output 


Data input 


4+ 


Q-output 


Fig.6.14. Simple R-S bistables (a) 
based on NAND gates and (b) based 
on NOR gates 


to become (or remain at) logic 0. In 
either case, the bistable will remain 
in its SET or RESET state until an 
input is applied in such a sense as 
to change the state. Note also that 
the Qand Q outputs 
always have oppo- 
site logical states. 
Thus, when the Q 
output is at logic 1 
the Q output will be 
at logic 0, and vice 
versa. 


Logical state 
of the D-input 
clocked to the 
Q-output on 
the rising 
clock edge 


These inputs are for 
‘clocked operation’ 


Fig.6.16. Timing diagram for the D-type bistable 
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A logic 1 is required here 
to reset the Q output 


(a) Basic J-K bistable 


Two simple forms of R-S bistable 
based on cross-coupled logic gates are 
shown in Fig.6.14. Fig.6.14(a) is based 
on two cross-coupled two-input NAND 
gates, while Fig.6.14(b) is based on two 
cross-coupled two-input NOR gates. 


D-type bistable 


Unfortunately, the simple cross-cou- 
pled logic gate bistable has a number 
of serious shortcomings (consider what 
would happen ifa logic 1 was simulta- 
neously present on both the SET and 
RESET inputs!) and practical forms of 
bistable make use of much improved 
purpose-designed logic circuits, such 
as D-type and J-K bistables. 

The D-type bistable has two inputs: 
D (standing variously for data or de- 
lay) and CLOCK (CLK). The data input 
(logic 0 or logic 1) is clocked into the 
bistable such that the output state only 
changes when the clock changes state. 
Operation is thus said to be synchro- 
nous. Additional subsidiary inputs 
(which are invariably active low) are 
provided, which can be used to di- 
rectly set or reset the bistable. These 
are usually called PRESET (PR) and 
CLEAR (CLR). D-type bistables are 
used both as latches (a simple form 
of memory) and as binary dividers. 
The simple circuit arrangement in 
Fig.6.15, together with the timing 
diagram shown in Fig. 6.16 illustrate 
the operation of D-type bistables. 


A logic 1 is required here 
to set the © output 


PRESET 


Circle indicates ‘active low’ input 
(a logic 0 will be required to 
reset the Q output) 


(b) J-K bistable with active-low 
PRESET and CLEAR inputs 


Fig.6.17. J-K bistable 
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J-K bistables 


J-K bistables (see Fig.6.17) have 
two clocked inputs (J and K), two 
direct inputs (PRESET and CLEAR), 
a CLOCK (CK) input, and outputs (Q 
and Q). As with R-S bistables, the 
two outputs are complementary (ie, 
when one is 0 the other is 1, and vice 
versa). Similarly, the PRESET and 
CLEAR inputs are invariably both 
active low (ie, a 0 on the PRESET 
input will set the Q output to 1, 
whereas a 0 on the CLEAR input 
will set the Q output to 0). Fig.6.18 summarises the 
input and corresponding output states of a J-K bistable 


OR" | commen 


Indeterminate 


Data input 
Clock 


Logic 0 to reset 
the count 


Inputs 
PRESET CLEAR 


Q output changes to 0 
(ie, Q is reset) 
regardless of the clock 


Q output changes to 1 
(ie, Q is reset) on the 
next clock transition) 


Enables clocked 
operation - refer to the 
next truth table 


Note that the PRESET and CLEAR inputs are unaffected by the 
state of the clock 


(a) PRESET and CLEAR inputs 


No change in state of 
the Q output on the 
next clock transition 


Q output changes to 0 
(ie, Q is reset) on the 
next clock transition) 


Q output changes to 1 
(ie, Q is reset) on the 
next clock transition) 


Q output changes to 
the opposite state on 
the next clock transition 


Note that Qy means ‘Q in whatever state it was before, while 
Qn+; means ‘Q after the next clock transition’ 


(b) Clocked operation using the J and K inputs 
Fig.6.18. J-K bistable operation 
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Fig.6.20. Timing diagram for the four-stage binary counter 
of Fig.6.19 


for various input states. J-K bistables are the most so- 
phisticated and flexible of the bistable types, and they 
can be configured in various ways, including binary 
dividers, shift registers, and latches. 

The circuit arrangement of a four-stage binary coun- 
ter, based on J-K bistables, is shown in Fig.6.19. The 
timing diagram for this circuit is shown in Fig.6.20. 
Each stage successively divides the clock input signal 
by a factor of two. Note that a logic 1 input is transferred 
to the respective Q-output on the falling edge of the 
clock pulse, and all J and K inputs must be taken to 
logic 1 to enable binary counting. 


Practical logic circuits 


You should now have a basic grasp of the theory of logic 
circuits, but what we haven’t done yet is give you an idea 
of what these devices look like and how they appear in 
practical logic circuits. So, let’s end this month’s Learn 
by showing you two examples of modern logic circuits. 
The first of these is a 4013 dual D-type bistable, while the 
second is a 74F08 quad two-input NAND gate. 
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The 4013 dual D-type bistable 
is supplied in various packages, 
including the dual-in-line (DIL) 
package shown in Fig.6.21. This de- 
vice uses standard complementary 
metal oxide semiconductor (CMOS) 
technology, and its pin connections 
are shown in Fig.6.22. Note that pin 
14 and pin 7 supply power to both 
of the D-type bistables. 

The 74F08 quad two-input 
NAND gate is also available in 
several different packages. We 
have shown the small integrated 
circuit (SOIC) package in Fig.6.23. 
This package is ideal for surface 
mounting rather than through-hole 
mounting used with the DIL pack- 
age that we met before. The 74F08 
contains four independent NAND 
gates and uses ‘fast’ transistor- 
transistor logic (TTL). The pin 
connection diagram for the chip 
is shown in Fig.6.24. As with the 
4013, the supply connections (pin 
14 and pin 7) are common to all 
four of the internal logic gates. 


Please note! 


Some logic devices, particularly 
CMOS types, are static-sensitive 
and special precautions are needed 
when handling and transporting 
them. 


Circuit Wizard 


A Standard or Professional version 
of Circuit Wizard can be purchased 
from the editorial office of EPE — see 
CD-ROMs for Electronics page and 
the UK shop on our website (www. 
epemag.com). 

Further information can be found 
on the New Wave Concepts website; 
www.new-wave-concepts.com. The 
developer also offers an evaluation copy 
of the software that will operate for 30 
days, although it does have some limita- 
tions applied, such as only being able 
to simulate the included sample circuits 
and no ability to save your creations. 
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Fig.6.21. A 4013 dual D-type bistable 
ina plastic dual-in-line (DIL) package. 
This chip was manufactured in 1992 


Fig.6.23. A 74F08 quad two-input 
NAND gate in a small surface-mount 
package (SOIC). This chip was manu- 
factured in 2001 


Q; 
Q, 
CLOCK; 
RESET; 


Fig.6.22. Pin connections for the 4013 
dual D-type bistable IC 


Fig.6.24. Pin connections for the 
74F08 quad two-input NAND gate IC 


Check — How do you think you are doing? 


6.1. Identify each of the logic 
symbols shown in Fig.6.25 


6.2. Draw the truth table for the 
logic gate arrangement shown in 
Fig. 6.26. 


6.3. Show how three two-input 


AND gates can be connected togeth- 
er to form a four-input AND gate. 


(a) (b) 
D Q 
| > CLK 


(Cc) (d) 
Fig.6.25. See Question 1 


A 


Fig.6.26. See Question 2 


6.4. State the Boolean logic ex- 
pression for the output of each 
of the gate arrangements shown 
in Fig.6.27 — opposite. 


6.5. Devise Y 
a logic gate 0 0 olo 
arrangement 0 0 110 
that provides 0 1 011 
an output i eT 
described 1 0 olo 
by the truth 1, § €12 
table shown aes | 
in Fig.6.28. 

a. F @ he 


Fig.6.28. See Question 5 
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Build — The Circuit Wizard way 


OU’VE learnt the theory about 

logic gates, so now let’s try it 
out using Circuit Wizard. Anyone 
who’s experimented or prototyped 
with discrete logic circuits before 
will be all too familiar with hope- 
lessly prodding a logic probe into 
an incomprehensible ‘rat’s nest’ of 
breadboard and link wires. 

Fortunately, nowadays we can 
do all this and more using soft- 
ware packages before we commit 
any copper to PCB. Circuit Wizard 
really does have a few aces up its 
sleeve when it comes to working 
with logic. 

First, you can work directly 
with the logic gates themselves 
and let it worry about the chip 
packages (see later on), as well 
as a number of dedicated in- 
puts/outputs and simulation 
schemes that bring the circuits to 
life and visually convey what’s 


A 
y 
B 
(a) 
A 
y 
GB 
(b) 
A 
y 
8 


(Cc) 
Fig.6.27. See Question 4 
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version of Circuit Wizard that 


really going on inthe circuit. In Gate numbers 
this instalment of Build we'll be 
trying out some logic gates to 
see how they operate, as well as 
experimenting with some real 


life applications. 


When you add a gate to the draw- 
ing area you should notice that it 
will automatically number your 
gate in accordance with the cor- 
responding IC required. As each 
IC contains a number of gates, an 
alphabetical suffix will be added to 
the chip reference (eg, IC1a) to show 
which has been allocated. Once the 
total number of gates has exceeded 
that of the IC, Circuit Wizard will 
automatically include a new chip, 
and so on. 

You are able to change 
which gate has been al- 
located within the chip. 
This can be useful when 
it comes to generating the 
most efficient PCB layout. 

However, the automatic 
allocation works great for 
most users. Circuit Wiz- 
ard will also add power 
connections ‘in the background’, 
so that these are accounted for in 
net lists when moving on to PCB 
generation. 

The best way to understand the 
operation of the basic gates is to 
drop one on to the drawing area, 
add inputs and outputs and see 
how the output changes in re- 
sponse to changes in the inputs. 
Circuit Wizard has some really 
useful input toggles and output 
indicators which can be found at 
the top of the ‘Logic Gates’ folder 
(see Fig.6.30). 

Switching to the ‘Logic View’ 
(click on the vertical tab on the left 
of the drawing area) is a particularly 
useful way to analyse any logic 


Opening the gates 

Circuit Wizard includes a 
large range of logic devices in 
both CMOS and TTL versions 
(note that the extent of the 
logic devices may depend on the 


AND Gate Properties 
lic lt = la | 
Caption: 

40818 Quad 2-Input Af, | 


Ideal 

F4L508 Quad 2-Input SND 4g 
74HCO8 Quad 2-Input AND 
40616 Quad 2-Innut AND ss. 


Nurmiber: 


Help | 


Model: 


Fig.6.29. Changing logic families for a logic gate 


you are running). 

The first thing that you may 
notice is that in the Gallery 
(right-hand panel) you can ac- 
cess standard and Schmitt varie- 
ties of gates in the ‘Logic Gates’ 
folder, as well as each family of 
chip separately in the ‘Integrated 
Circuits’ folder. We can only as- 
sume that this is for the purpose 
of providing quick access to the 
more common gates. 

By default, 4000 series ICs 
will be used. However, you are 
able to select the family of gate 
by selecting the appropriate 
model in the properties context 
box; see Fig. 6.29 (double-click 
the component to 
access this). This 
default behaviour 
can also be altered 
in the software’s 
setting if required. 


INPUT A [J 
—Q) OUTPUT Q 
INPUT B 


ICta 
4081B 


Fig.6.30. A simple arrangement to test an AND gate 
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circuit. This view uses both colour coding as well 


as 1s and Os at the inputs/outputs of each pin to Logic Gate Worksheet 


show the logic state. This can really help you see Print out this worksheet then explore how the logic gates work by changing the inputs A and B. 
; . ; ; You can set the inputs individually or use ‘A’ and 'B' on the keyboard to toggle all of the inputs at 
what s going on around the CITCUITE: once. Complete the truth table to the right of each gate. 

One important thing to note about the logic 
indicators and the ‘Logic Level’ view is that the 
logic high state is indicated by red, and the logic — | 

: ; ; {)-——oowtrra 
low by green. This might seem a little counter- rors 


| 
Go bla 


40816 


Give it a try 


Experiment with some of the basic gates; AND, 
OR, NAND, XOR and NOT. Draw up a truth table 
for each gate and check that this matches what 
you’ve seen in Learn. 

Alternatively, we’ve developed an interactive 
logic gate worksheet (see Fig.6.31). This can be 
downloaded from the Teach-In 2011 website; 
www.tooley.co.uk/teach-in — follow the link to 
Circuit Wizard downloads. Print out the worksheet 
and complete the truth tables by simulating them 
on screen. 

Logic circuits usually contain a number of Fig.6.31. A view of our logic gate worksheet, which can be 
different gates and can get very complicated. De- downloaded from: www.tooley.co.uk/teach-in 
signers can spend a long time trying to figure out 
the simplest arrangement of gates to perform the INPUT 4 
logical function that’s required. ee 

However, with the widespread use and avail- 
ability of microprocessors, complex combinational 
logic circuits are becoming a thing of the past. Have 
a go at entering and testing the logic circuit shown 
in Fig.6.32, and produce a truth table. Could the 
function of this circuit have been reproduced with 
fewer gates? 

If you think about actually producing the cir- 
cuit above you would need three logic ICs and 
two of the ICs would only have one gate used in 
them. Obviously, this is a pretty inefficient way 
to do things. Fortunately, logic designers came 
up with a great idea; what if we could use just 
a single gate and wire them in such a way to act 
like the other gates? In this way, you would only 
need to buy one type of IC. 

It turns out that the NAND gate is the ideal 


Fig.6.33. An AND gate made using NAND gates (in other 
words, a ‘NAND equivalent’ of an AND gate 


candidate for this as you can produce all of the gate acts as a NOT gate. Hence, the result is ‘NOT 
other gates using them — we call them ‘NAND NAND’ or AND. 

equivalents’. Fig.6.33 shows the NAND equiva- Why not see if you can figure out the NAND equivalents 
lent for an AND gate. Enter the circuit in to for the other gates. You can also download our NAND 
Circuit Wizard and verify that the combination Gate Equivalent simulator (Fig.6.34) from the Teach-In 
acts just like an AND gate. In this case, the first website, which includes a number of other equivalents 
gate is a straight forward NAND and the second for you to explore. 
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NAND Gate Equivalents 


Gate NAND Equivalent 


R2 | Ri Ra 
10k 10k 10k 


-a-¢ [e>—e 
tla 
a 


Link 1 | Link? (|) Link 
swi '| sw2 


_—______# 


Fig.6.33. Download our NAND gate 
equivalent simulator from: www. 
tooley.co.uk/teach-in 


Intruder alarm 


Now we'll look at a real-life ap- 
plication of a simple logic circuit. 
Fig.6.35 shows an intruder alarm 
circuit. When any one of the links 
(simulated by push-to-break but- 
tons) is broken, the alarm is acti- 
vated. Enter the circuit and try it 
out for yourself! Advanced readers 


might like to see if they can adapt 
the circuit to latch the alarm on Fig.6.36. Four-bit ripple counter using J-K bistables 


once a link has been broken. 


Ripple counter 


Another area of logic design is 
sometimes described as sequen- 
tial logic. Often this involves 
counting and/or timing. Fig.6.36 
shows what is commonly known 
as a ripple counter or cascade 
counter. It produces a binary 
count using a series of J-K bista- 
bles or ‘flip-flops’. 

Enter the circuit and look 
closely at its operation. The ‘Logic 
View’ is excellent for this kind of 
circuit, and you should be able to 
see how the logic high ‘ripples’ 
along the flip-flops in order to 


generate a four-bit binary count- The world’s fastest microprocessor resulted from an investment of $1.5 billion, 
ing sequence. and operates at a speed of 5.2GHz (courtesy of International Business Machines Corp.) 
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Build — The Circuit Wizard way 


Decade counter 


A binary count could be really 
useful for lots of applications. 
Apart from possibly a few com- 
puter nerds, not all that many 
people can easily read a binary 
number! 

Therefore, if we need to dis- 
play a number to a consumer we 
need to convert this to a display- 
able number. This can be easily 
achieved with a 74LS47 seven- 
segment display decoder, a driver 
chip and a seven-segment LED 
display (common anode). 

The chip decodes the four- Fig.6.37. A decade (ie, 0-9) counter circuit using J-K bistables and a seven- 
bit lines of the binary count ‘segment display 
and outputs a number on the lines. Amend yourripple counter flip-flops when the count reaches 
seven-segment LED display by circuit as shown in Fig.6.37. The 9, the highest single-digit number 
turning on/off the appropriate NAND gate is used to reset the that can be displayed. 


—= nvesiivaie 


A block schematic diagram of a The system is designed to alert or more of the aircraft’s undercar- 
logic system used ina large aircraft the flight crew by generating vis- riage doors remain open when the 
is shown in Fig.6.38. ible and audible warnings that one aircraft is in normal flight. 


The five door switches provide 
logic 1 signals when the respec- 
tive door is open and logic 0 when 

wniaiianioaaes closed. All of the warning indicators 

¢ iti are ‘active low’ and require a logic 

come lee ) 0 to produce a visible or audible 
cere oe L BOD output. 

Study the circuit carefully and 
then see if you can answer each of 
RIGHT WING on the following questions: 

1. What logic level appears at 
points X, Y and Z with all of the 
DOOR CLOSED doors closed? 
cea 2. What logic level appears at 
points X, Y and Z with the left 
wing door open and all other doors 
closed? 

UNDERCARRIAGE DOOR WARNING LOGIC 3. What logic level appears at 
points X, Y and Z with the nose door 
open and all other doors closed? 


4. When any one or more of the 
Fig.6.38. A block schematic of a logic system used in an aircraft doors opens, the audible warning 


RIGHT BODY 


NOSE 
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Answers to Check questions 


6.1. (a) Three input OR gate 

(b) Two input NAND gate 

(c) Inverter or NOT gate 

(d) D-type bistable (or D-type 
flip-flop) 


2. See Fig. 6.40 
3. See Fig. 6.41 


4.(a)/Ae/B 
(c) /(A °/B) 


(b) /A + /B 


5. oee Hig. 6.42 


should sound and remain operat- 
ing until the flight crew cancels 
the alarm by means of the RESET 
button. What device should be used 
for IC4 and show how should it be 
connected? 


The time that it takes for a digital 
signal to travel from the input(s) ofa 
logic gate to produce a change in the 
output is usually extremely small 
and measured in microseconds (1s), 
nanoseconds (ns), or picoseconds 
(ps). This time (often referred to as 
propagation delay) has a major im- 
pact in determining the maximum 
speed at which a particular logic 
circuit will operate. 

Standard logic gates will happily 
operate at switching speeds of up 


Fig.6.40. Answer to 
Question 2 


Fig.6.39. IBM’s new zEnterprise Sys- 
tem mainframe (courtesy of International 


Business Machines Corporation) 


to about fifty million operations per 
second, but even this is insufficient 
for use in high-speed applications 


Answer to Question 3 


such as the latest generation of mi- 
croprocessors, which need clock rates 
that are very much higher than this. 

The highest clock speed microproc- 
essor currently sold commercially is 
found inside IBM’s zEnterprise 196 
mainframe computer. This device was 
introduced in July 2010, and its cores 
run continuously at aspeed of 5.2GHz 
or 5,200,000,000 times a second. 

Now that may sound fast, but 
future technology based on super- 
conducting logic promises to offer 
speeds that are predicted to be 
around 100 times faster than this. 
So, as the old saying goes, ‘you ain’t 
seen nothing yet!’ 


Next month! 


In next month’s Teach-In we 
shall be looking at timers and pulse 
generators. 


CIRCUIT WIZARD 


Circuit Wizard is a revolutionary new software system that combines circuit design, PCB design, simulation and CAD/CAM manufacture in one complete package. 


Two versions are available, Standard and Professional. 


By integrating the entire design process, Circuit Wizard provides you with all the tools necessary to produce an electronics project from 
start to finish — even including on-screen testing of the PCB prior to construction! 


2 Circuit diagram design with component library (SOO components 


Standard, 1500 components Professional) 
36 Virtual instruments (4 Standard, 7 Professional) 


& On-screen animation 


+ PCB Layout 


2 Interactive PCB layout simulation 


2 Automatic PCB routing 
2 Gerber export 


This is the software used in our Teach-In 20/1 series. 
Standard £61.25 inc. VAT Professional £91.90 inc. VAT 


See Direct Book Service — pages 75-77 in this issue 
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BY IAN BELL 


Collector-base feedback/bias 


PE forum contributor Lost posted the 

following questions about collector- 
base feedback for a_ single-transistor 
amplifier. 


Consider a capacitor-coupled NPN tran- 
sistor amplifier with collector-base _ bias. 
Assume that the reactance of the capacitor is 
negligible at signal frequencies. 


What type of feedback is involved — series- 
voltage, series-current, shunt-voltage or 
shunt-current? What is the feedback equation 
for this stage? 


The circuit for a feedback amplifier of 
this type is shown in Fig.1. In the discussion 
which ensued, concerning apparent 
mismatch between textbook feedback 
theory on input/output resistance and the 
simulation of the circuit, Lost added: 

Neither does it obey the standard negative 
feedback equation. That’s why I asked if 
anyone knows what equation this ‘simple’ 
circuit follows. 


It later became apparent that he may have 
been analysing a circuit without R, (the 
circuit in Fig.2), which Alec_t correctly 
pointed out does not have any feedback. 


Fig.2. An NPN transistor amplifier with 
collector-base bias, but no input resistor 


Fig.1. An NPN transistor amplifier with 
collector-base bias/feedback 


Feedback basics 


This month, we will look at the basics 
of feedback theory, which will allow us to 
answer Lost’s first question about the type 
of feedback involved. Next month, we will 
look at analysing feedback in circuits in 
more detail. 

An abstract diagram of an amplifier with 
feedback is shown in Fig.3 — the signals, 
labelled S$, could be either voltages or 
currents. The amplifier on its own has a gain 
of A=S/S _., known as the open-loop gain. 
The whole circuit (amplifier with feedback) 
has a gain of Airs = SIS,» known as the 
closed-loop gain. 

The feedback network produces a 
feedback signal, S$ if which is a_ fixed 
proportion, 6, of the output signal. 6 is 
known as the feedback factor. As we go 
round the whole feedback loop signal, S , is 
first multiplied by the amplifier gain, then 
by the feedback factor and then —1 by the 
mixer, so the feedback is —BAS_.. The value 
—BA is known as the loop gain. 

Referring to Fig.2, we can calculate the 
closed loop gain in terms of the open loop 


Fig.4 (above right). 
Op amp. inverting 
amplifier 


Fig.5 (right). Op 
amp_ non-invert- 
ing amplifier 


Fig.3. Structure of a feedback amplifier circuit 
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gain and feedback factor. The feedback 
signal is the output multiplied by the 
feedback fraction: 


S;= So 


Subtracting the feedback signal from 
the circuit input gives the amplifier input: 


Sai =Sin =~ So 


The amplifier (and circuit) output is the 
amplifier input multiplied by the amplifier 
gain: 


So =A (Sin ~ BSo) 


S, =ASin— BAS, 


Collecting all the output terms together 
gives us: 


S, + BAS, =ASin 


(1 + BA So =AS,, 


and rearranging to find the closed-loop gain, 
we get: 


S A 


A 
= Sin (1+ BA) 


Sensitivity 

This is the fundamental equation for 
feedback circuits. A very important result, 
which follows from this equation is that 
negative feedback tends to make the gain 


ay 


Both bipolar transistors and FETs are 
inherently current output devices (collector 
or drain current); however, we can readily 
obtain a voltage output by passing this 
current through a load resistor (as shown in 
Fig.l and Fig.2). Thus, a bipolar transistor 
with an output resistor can be regarded as 
either a voltage or transresistance amplifier, 
and a FET with an output resistor is a 
voltage amplifier. 

Operation amplifiers (Op amps) are 
inherently voltage amplifiers. Operational 
transconductance amplifiers (OTAs) are also 
available as ICs (eg, LM13700). 


Feedback network 


Like the amplifier, the feedback network 
can have either voltage or current input 
or output. This leads to four feedback 
configurations, corresponding to the four 
amplifier types in Table |. The input type 
of the feedback network corresponds to 
the amplifier output, and the output type 
of the feedback network corresponds to the 
amplifier input. The four types of feedback 
configuration are shown in Fig.6 to Fig.9. 

For voltage output amplifiers, the feedback 
network is connected across the amplifier 
output, as shown in Fig.6 and Fig.8. This 
voltage-sampled feedback is also referred to 
as parallel feedback, because the feedback 
network is in parallel with the load. 

For current output amplifiers, the feedback 
network samples the output in series with the 
load — the output current flows through both 
the load and feedback network, as shown in 
Fig.7 and Fig.9. Current-sampled feedback 
is also referred to as series feedback. 

The mixer may subtract either a voltage 
or a current from the source signal before 
is it applied to the amplifier input. Voltage 
subtraction is easily provided by series 
connection of the voltage output of the 
feedback network with the source voltage. 
This is shown in Fig.6 and Fig.7. In both 
circuits, Kirchhoff’s voltage law shows us 
that vy, = v,,— v,- This type of mixing is 
referred to as voltage-input or series-input 
feedback. 

In Fig.8 and Fig.9, the feedback network 
subtracts a current from the source output 
before it reaches the amplifier. The feedback 
network shunts the source, diverting some 
of its current. Kirchhoff’s current law shows 
us that i, =i, —i,for both of these circuits. 
This type of mixing is referred to as current- 
input or shunt-input feedback. 

The overall names of the four feedback 
configurations combine the sampling and 
mixing descriptions, with the mixing type 
(usually) named first. For example, Fig.6, 
which combines series-mixing with voltage- 
sampling is called series-voltage feedback. 
There are variations on these names, for 
example Fig.6 may be called voltage-voltage, 
series-shunt, series-parallel, and possibly 
other names. The name variations can be 
confusing. 


Unilateral assumption 

There is an important assumption 
underlying the idealised feedback circuits 
depicted in Fig.3 and Fig.6 to Fig.9. This 
assumption is that both the amplifier and 
feedback block are unilateral, that is they 
only transmit, or transfer, signals in one 
direction. This is indicated by the arrows in 
the amplifier and feedback blocks. 
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We assume that changes of the output 
voltage or current of the amplifier have no 
influence on the voltage or current at its 
input (eg, by changing the input impedance). 
Similarly, we assume that the voltage and 
current at the output of the feedback block 
have no influence on the block’s input. 

These assumptions are generally good 
for op amp-based circuits, but less so for 
transistor circuits. Like the effect of relatively 
low transistor gain mentioned earlier, this 
makes idealised analysis of transistor circuits 
less accurate than with op amps. 

The op amp non-inverting amplifier 
(Fig.5) is perhaps one of the more 
straightforward real circuits to interpret in 
terms of feedback configurations. The two 
resistors R1 and R2 form a potential divider, 
delivering a proportion of the output voltage 
to the inverting terminal of the amplifier. 
This effectively subtracts the potential 
divider voltage from the input voltage — so 
we have a case of series-voltage feedback. 

Using the well known potential divider 
equation we get: 


R, 
Vp =7—V 
f 7) 
(R, +R) 
So 6 = R2/(R1+R2). Using A,, = 1/6 
gives uS: 
(R,+Ro)_4, & 
Ry Ry 
the well-known gain expression for this 
circuit. 


Ac, = 


TZ 


Summary 


To answer one of Lost’s questions, the 
circuit in Fig.l is an example of shunt- 
voltage feedback. The transistor acts 
as a transresistance amplifier, with R, 
converting the input voltage depicted in 
Fig.1 into the input current (ignoring the 
capacitor). 

The feedback resistor causes a feedback 
current, dependent on the output voltage, 
to flow in opposition to the input current, 
as indicated on Fig.8. The inverting op 
amp amplifier (Fig.4) is a very similar 
circuit configuration, which can _ also 
be interpreted as using shunt-voltage 
feedback. 

The circuit in Fig.2 does not have 
any feedback, assuming V, is an ideal 
voltage source. If the voltage source has 
internal resistance, the circuit reverts to 
that in Fig.l, with the source resistance 
performing the role of R,. With an ideal 
source, the feedback resistor has no 
influence over the input to the transistor. 
The transistor’s base-emitter voltage and 
hence base current is set wholly by the 
voltage source. In this circuit, R, acts only 
to load the output. 

This month, we have partly answered 
Lost’s question about the nature of feedback 
in the circuit in Fig.l. We have mainly 
considered the fundamental theory of the 
feedback amplifier, which has allowed us 
to answer the question about which type of 
feedback is involved. Next month, we will 
look at the actual transistor circuit in more 
detail. 
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Te soldering iron stays firmly in the 
cupboard this month as we take a look 
at the ‘build environment’ for our main 
application, based around the free Microchip 
compiler. We are going to zip through the 
process of installing all the software tools, so 
you might find that some of these steps don’t 
apply to you. 

You should note, however, that some of the 
source code that we use from Microchip is 
pretty recent, and may not be compatible with 
older installations of MPLAB or the PIC24 C 
compiler. The simplest approach is to install 
the missing software when we get to it, and 
only go back to the beginning if you have 
problems. 

For a clean installation, we will be 
downloading three products from Micro- 
chip: The MPLAB integrated development 
environment; C30, the PIC24 C compiler; 
and the ‘Application Libraries’ — a collection 
of software libraries for the PIC processors, 
which contains the two libraries we are 
interested in — the SD Media card file system 
library, and the TCP/IP stack software. 

MPLAB and C30 do need to be fairly 
recent — if you haven’t installed an update 
in the last six months, you probably need 
to follow all these instructions. In total, we 
will be downloading approximately 250MB 
of data — so if you do not have broadband, 
you need to find a friend who does. And give 
them a blank CD! 


The three downloads are the following: 


MPLAB V8.63 (100MB) http://bit.ly/i9¢QhZ 


C30 Compiler (47MB) http://bit.ly/f55d1K 
(choose the Standard-Eval version) 


Application libraries (1O7MB) http://bit.ly/ 
fKeyxk 


Note that to download the C Compiler you 
will need to register an account, 
and login. This process does not 
demand an excessive amount of 
information, and is quite quick. 


Finally, unzip the application libraries 
zip file, and run the executable. Accept all 
the defaults (this installs all the application 
libraries; you can remove unused features at 
a later date, if you wish.) 

Now let’s test the software installation by 
creating a very simple project. Double-click 
on the MPLAB IDE icon on your desktop, 
and select Project then Project Wizard. 
Click Next and select our processor from 
the drop down list — PIC24HJ128GP202. 
Then click Next. A dialog similar to Fig.1 
should appear. 

For every item in the “Toolsuite Contents’ 
list, a co-responding entry should be visible in 
the ‘Location’ field. This is set up automatically 
if you followed the previous instalation 
instructions. However, it is possible that the 
links are not made — in this case, manually 
locate each Toolsuite item by clicking on the 
Browse button and selecting the required file. 
These are all found in the ‘bin’ sub-directory, 
as shown in the Location field. 

Once all tools have been located, click 
Next. You are now prompted to enter the 
name for the project. Click the Browse 
button and navigate to your desktop, then 
enter a name like ‘quick-test’. Click Save 
followed by Next. You now have the chance 
to add some existing source files to the 
project; just click Next here, then Finish. 

You are now presented with an empty 
project within MPLAB. From the main 
menu click File, then Add New File to 
Project. Navigate to your desktop, then 
type in the filename main.c and click Save. 
In the new editor window that pops up in the 
following code: 

#include <stdlib.h> 

#include <stdio.h> 

int main ( void ) 


Project Wizard 


Step Two: 
Select 4 language toolsuite 


Installation 


MPLAB - extract the zip file 
to a temporary sub-directory 
on the desktop, then run setup. 
exe. Click through the usual 
licence agreements to start the 
installation process. Click ‘No’ 
to installing the HI-TECH C 
installer, and on completion 
allow the PC to reboot. 

Next, install the C30 compiler. 
When prompted for the installation 
type, select ‘Evaluation Compiler’ 


Location 


 eaneicilo Pe 


return 0; 


} 


That’s a very simple program that will 
just prove our compiler is working — we 
will not be downloading it to any hardware, 
and so we can skip the task of setting up 
the processor configuration bits (the normal 
painful part of any new PIC project.) 


The heap 


We do need to specify one extra parameter, 
a small amount of RAM memory for the 
‘heap’ — the pool of memory where C 
programs can dynamically request and 
return storage from. The heap is used by the 
malloc and free functions, which are used 
extensively by the TCP/IP stack software. 
More on that later. For now, we need only 
specify a small amount of storage for our test 
application. From the main menu selection 
Project followed by Build Options.. 
and then Project. Click on the ‘MPLAB 
LINK30’ tab and in the ‘Heap size:’ field 
enter 128. Click OK to save the settings. 

So let’s find out if everything is working — 
from the main menu select Project followed 
by Build All. 

If all goes well you should be greeted 
with “BUILD SUCCEEDED’ in the output 
dialogue. 

Scrolling up through the Output dialogue 
box will reveal details about the memory 
utilisation, both Flash and RAM, for our 
very simple program. Don’t be concerned 
by the rather excessive memory use (15% 
of RAM, 1% of Flash) as these are default 
memory regions set aside for your data, as 
and when you use it. 

The C programming language 
is actually very efficient, but can 
generate a small overhead that is 
only obvious with tiny programs 
like these. For larger projects, the 


Active Toolsuite: | Microchip C30 T oolsuite 


Tooleuite Contents 


ne a : Compile asus exe) 325 


MPLAB pie el Linker pest: Ad.ese| v3.25 


LIA A 


[ee | a 


[| Store tool locations in project 


Help! My Suite lent Listed! 


[| Show all installed toolsuites 


overhead actually helps out. So 
there is no need to curse the C30 
compiler for turning what looks 
like a thirty byte program into 
over two thousand! 

Finally, close the project by 
selecting Project from the main 
menu, followed by Close, and then 
exit MPLAB. 

On the desktop you should see 
that seven files have been created; 
five with our project name, main.c 
and main.o. When you want to open 


(unless you are one of the lucky 
ones who could afford to buy the 
standard licence. If that’s the case, 
enter your serial number here.) 
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Fig.1 MPLAB tool configuration 


a project in MPLAB you should 
double-click on the file with the 
-mcp extension. This file contains 
all the information about your 
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project files and configuration. MPLAB will 
then know how to organise all the files. 

You can delete these seven files now, and 
we can move onto the more complicated 
issue — the Application Library. 


Application library 

The two major software components we 
require for this project come for free from 
Microchip — but at a price of another kind. The 
TCP/IP stack and memory card file system are 
wrapped up in an ‘Application Library’ suite, 
with many other useful (but to us irrelevant) 
source code libraries totaling 6000 files and 
395MB of file space. It’s a hugely complex 
collection of software, and takes a lot of 
patience to pick through to find the relevant 
parts. The files are located by default in ‘C:\ 
Microchip Solutions v2010-10-19’. 

We will start with the simple software library, 
the SD Media card file system. The core library 
files are in the ‘Microchip\MDD File System’ 
sub-directory, with an example project located 
in ‘MDD File System-SD Card’. Opening 
up the PIC24 MPLAB project file MDDFS- 
SD-PIC24.mcp reveals a reassuringly simple 
collection of files, as shown in Fig. 2. Only 
two source code files (and several header files) 
are referenced, so integrating this into our own 
project is not going to be too difficult. 

Fig.2 also highlights a standard feature 
of the application libraries — one header file 
(FSConfig.h in this case) is used to specify 
what features of the library are required 
in our specific application, and the file 
hardwareProfile.h that is used to specify 
what pins on our processor are used to 
connect the physical device to our chip. 

Neither of these files are well documented; 
you have to work out what they do by careful 
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Fig. 2 Media card source files 


inspection of the source, and a certain amount 
of ‘suck it and see’. Fortunately, we’ve done 
this for you, so we can concentrate on the 
interesting part — actually using the functions 
provided. 


TCP/IP stack 


A good and relatively simple example 
application is provided to demonstrate the 
features of the TCP/IP stack, and this can 
be found in the directory “‘TCPIP MDD 
Demo App’. This time, however, the source 
files used extend to over forty rather than 
just two! To be fair, the stack code is very 
extensive, and even provides the ability to 
send emails. We will not have to edit any of 
these files, however. We just need to choose 
what features we wish to use through the 
header file TCPIPConfig.h. 
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Realising that choosing the features 
required was going to be complicated, 
Microchip have created an application 
to create that file for you. Called 
TCPIPConfig.exe, it can be found in the 
‘Utilities’ sub-directory in the Stack source 
area. 

Over the course of the next four weeks, 
we will set up the initial file system and 
stack configuration files, and prepare the 
final hardware design — adding in the 
MicroSD Media card interface and the 
Ethernet interface using the ENC28J60 IC 
— both circuits have been used before in 
PIC n’ Mix. From there, we can start to glue 
the parts together quickly and demonstrate 
how the Microchip tools, once configured, 
provide a huge amount of easy-to-use 
functionality. 
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By Robert Penfold 


A simple analogue optical interface 


a simple method of providing digital 

outputs using the computer’s monitor 
and an optical detector circuit. Using this 
method, it is possible to provide an accu- 
rate 8-bit analogue output using eight opti- 
cal detector circuits to drive a conventional 
digital-to-analogue converter. This would be 
quite involved though, and would be doing 
things the hard way if a high degree of pre- 
cision was required. 

For something like a computer controlled 
power supply, it would be necessary to have 
a high degree of precision, so that the output 
voltages could be set with good accuracy. 
On the other hand, accuracy is often of little 
importance for an application such as a mo- 
tor speed or light controller. In simple appli- 
cations of this type it is merely necessary to 
have available a good range of speeds, light 
levels, or whatever. 


Light work of it 


On the face of it, there should be no prob- 
lem in providing a simple analogue output 
using a single optical detector circuit. Under 
software control the light output from an 
area of the screen can be varied instead of 
simply being switched between black and 
white, and a suitable detector circuit can 
provide an output potential that is roughly 
proportional to the screen brightness. How- 
ever, there are too many potential flaws in 
the system for the output voltage to be any- 
thing more than roughly proportional to the 
control values used. 

The optical detector circuit could be de- 
signed to have a high degree of linearity, but 
this is pointless unless a similarly high de- 
gree of linearity could be obtained between 


Ts: previous Interface article covered 


CT = CAST40E 


Fig.1. The circuit diagram for the optical analogue interface. 
8-bit resolution is easily achieved, but not 8-bit accuracy 
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the control values and the screen brightness. 
In practice, it is likely that there would be 
a lack of precision in this respect. Practical 
tests suggest that there are significant dif- 
ferences in the results obtained from vari- 
ous monitors, and that the way a particular 
monitor is set up can also produce massive 
variations. 

The ambient light level does not usually 
have a large effect on the results obtained, 
since it is not too difficult to shield the photo 
detector. However, its influence would prob- 
ably be sufficient to prevent a very high de- 
gree of accuracy from being obtained. Any- 
way, no attempt at precision results will be 
made in the design featured here, and high 
accuracy using this method is probably not 
a practical proposition. This interface is 
only intended to act as the basis of a system 
where relatively ‘rough and ready’ results 
will suffice. 

As was the case with the circuits featured 
in the previous Interface article, this one is 
only designed for use with LCD monitors, 
and it will not work properly with a CRT 
type. This is due to the way a CRT monitor 
produces the picture. 


Practical circuit 

The circuit diagram for a simple analogue 
optical interface is shown in Fig.l. TRI is 
a BPV11 phototransistor, and it provides 
the upper arm of a potential divider circuit 
across the supply rails. The other arm of the 
potential divider is provided by resistor R1, 
and the voltage developed across this resis- 
tor is proportional to the leakage current 
through TR1. 

Unlike some phototransistors, the BPV11 
does have a base leadout wire, but in this 


Fig.2. Leadout de- 
tails for the BPV11 
phototransistor. This 
device has a base 
lead, but in the cir- 
cuits feature here it is 
left unconnected 


circuit it is left unconnected. It is the col- 
lector-to-emitter leakage current that is of 
importance here. 

In total darkness, TR1 has the very low 
levels of leakage current associated with 
normal silicon transistors, and the potential 
developed across R1 is then negligible. As 
the light level is increased, the leakage cur- 
rent through TR1 rises, and the voltage de- 
veloped across R1 also rises. 

The range of voltages produced across 
R1 in the present application will depend on 
factors such as the brightness and contrast 
of the monitor, the precise characteristics 
of the particular example used for TRI, and 
how well TR1 is shield from ambient light. 
However, it will typically vary from a few 
millivolts to just under two volts. 

IC1 is a simple operational amplifier 
(op amp) non-inverting circuit that acts as 
a buffer stage, but it also provides a certain 
amount of voltage amplification. Preset 
VRI1 (wired as a variable resistor) enables 
the voltage gain of the amplifier to be varied 
from two to about 12 times. This enables the 
maximum output voltage to be varied from 
around 3V to a maximum of about 12.5V. 
The maximum output potential is imposed 
by the 15V supply voltage and not by the 
voltage gain of IC1. 


Components 

The CA3140E operational amplifier spec- 
ified for [C1 is a type that will operate in 
single supply DC circuits. Most other op 
amps will not work properly in this circuit 
unless a conventional dual balanced supply 
is used. The CA3140E is a MOS device and 
the standard anti-static handling precautions 
should therefore be taken when dealing with 
this device. 

It is important that the device used for 
TRI1 is the standard version of the BPV11. 
In common with most phototransistors, the 
standard version has peak sensitivity in the 
near infra-red part of the spectrum, at about 
850nm. It has good sensitivity in the red and 
green parts of the visible light spectrum, but 
the sensitivity falls off significantly towards 
the blue/violet end of the spectrum. This is 
again common to most phototransistors and 
diodes. 

In order to obtain the greatest contrast, 
and therefore the greatest voltage range 
across R1, it is advisable to control the cir- 
cuit from an on-screen object that varies 
from black to white, rather than using one 
particular colour. The circuit is unlikely to 
work well enough using a blue or violet con- 
trol object. 

There is another version of the BPV11, 
which is the BPV11F. This seems to be es- 
sentially the same component as the stand- 
ard BPV11, but its sensitivity peaks at 
950nm, and it has a built-in infrared filter. 


Everyday Practical Electronics, April 2011 


As it is completely insensitive to the visible 
light part of the spectrum it is not suitable 
for use in this circuit. 

The standard BPV11 has a clear plastic 
case, as used for many 5mm diameter light 
emitting diodes. The BPV11F has the same 
type of case, but it is tinted a dark grey colour 
by the built-in infrared filtering, making it eas- 
ily distinguished from the standard device. 

The device’s three leadout wires are eas- 
ily identified as they are of different lengths 
(see Fig.2). Once the leadout wires have 
been trimmed it is still possible to identify 
them, because the case has the usual LED- 
style ‘flat’ next to the emitter lead. The 
three leads emerge from the device in a 
line, but the collector lead is preformed so 
that the leads are effectively in a triangular 
configuration. 

The built-in lens of the BPV11 gives it 
a +15 degree angle of view, which helps to 
avoid problems with the ambient light level 
affecting results. However, as far as reason- 
ably possible it should still be shielded from 
ambient light. It should be placed as close 
as possible to the relevant part of the moni- 
tor’s screen, but it should not be allowed to 
come into contact with the screen. This is to 
prevent possible damage to the screen. 


Signal processing 

In a practical application, it will usually 
be necessary to have suitable signal condi- 
tioning circuits to process the output of the 
basic circuit of Fig.1, so that the required 
output voltage range and maximum load 
current can be accommodated. One obvi- 
ous shortcoming is that the minimum out- 
put voltage of the basic analogue interface 
is not zero. The minimum voltage obtained 
depends on the closed-loop voltage gain 
of ICI and the lowest light level that can 
be achieved; it is typically around 20mV 
to 30mV. 

This will not necessarily be a problem, 
and ina DC motor control or lighting ap- 
plication for example, an ‘off’ state would 
effectively be reached well before the on- 
screen control object was reduced to its 
black setting. If necessary there are various 
ways of overcoming the slight offset, such 
as using a level shifting circuit. 

Another option is to use an output 
buffer amplifier such as the one shown in 
the circuit diagram of Fig.3, which pro- 
duces a voltage drop that will more than 
counter the offset voltage. This circuit 
can handle output currents of up to about 
2A, but output transistor TR3 must be fit- 
ted to a large heatsink to prevent it from 
overheating. 


IC] = CA3140E 


Fig.3. Adding a buffer stage to the original circuit removes the offset voltage at the 
output and enables the unit to handle output currents of up to about 2A. Output tran- 
sistor TR3 MUST be fitted with a large heatsink 


A third option is to use a simple optical 
interface to provide on/off switching at the 
output of the circuit. This can be handled by 
the circuit of Fig.4, which is essentially the 
same as the relay interface featured in the 
previous Interface article. A circuit of this 
type can also be used for other switching 
purposes, such as providing direction con- 
trol for a DC motor. 


Software 

A very simple control program should 
suffice, and the example program provided 
in Listing 1 was written using Visual BASIC 
Express 2010/2011. This has two buttons 
that control the background colour of a label 
component (Labell). The label contains no 
text, and it is only its colour that is of impor- 
tance here. It can be set as white by operat- 
ing Button1, or black by operating Button2. 
These buttons are notionally used to provide 
forward/reverse switching in this example, 
but could be used for on/off switching, or 
any other simple switching task using the 
circuit of Fig.4. 

The variable output is handled by a hori- 
zontal scrollbar and another label compo- 
nent (Label2). The scrollbar must have its 
maximum and minimum values set to 255 
and 0 respectively, as it is only integer val- 
ues in this range that can be used to control 
the colour of the label component. The col- 
our is controlled by using the value from the 
scrollbar as the RGB values for the label’s 
background colour. 

A Dim statement is used to define a new 
colour, which in this example is called 
OutputVal. This colour is then used as the 


Fig.4. A simple optical interface that can be used to control a 
relay. The latter can be used to provide on/off switching and 
direction control. 
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BackColor value for Label2. Since the red, 
green, and blue values are all the same, the 
label is black with the scrollbar set at mini- 
mum, and white when it is set to its maxi- 
mum value. In between these two extremes 
there are 254 shades of grey. This effectively 
gives 8-bit resolution, but as explained pre- 
viously, this method will not give anything 
approaching normal 8-bit accuracy. The 
screen dump of Fig.5 shows the program in 
action. 


Listing 1 
Public Class Form1 


Private Sub Button2_Click(ByVal send- 
er As System. Object, ByVal e As System. 
EventArgs) Handles Button2. Click 

Label1. BackColor = Color. Black 

End Sub 


Private Sub Button1_Click(ByVal send- 
er As System. Object, ByVal e As System. 
EventArgs) Handles Button1. Click 

Label1. BackColor = Color. White 

End Sub 


Private Sub HScrollBar1_Scroll(ByVal 
sender As System. Object, ByVal e As 


System. Windows. Forms. ScrollEv- 
entArgs) Handles HScrollBar1. Scroll 
Dim OutputVal As Color = 
Color.FromArgb(HScrollBart. 
Value,HScrollBar1. Value, WHScrollBar1. 
Value) 
Label2. BackColor = OutputVal 
End Sub 
End Class 


Fig.5. The example program in operation. The scrollbar pro- 


vides 256 output levels and the two buttons control a relay 
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Readers’ Circuits 


INGenwity UmUIihitied 


Our regular round-up of readers’ own circuits 


WIN A PICO PC-BASED 


OSCILLOSCOPE WORTH £799 
¢ 200Mhz Analogue Bandwidth Dual Channel Storage Oscilloscope 


¢ Spectrum Analyser 
¢ Frequency Meter 
Multimeter 

* USB Interface. 


If you have a novel_circuit idea which would be of Use*to-other readers then a Pico 
echnology PC-based oscilloscope could be yours. 
ter every 20 published.IU circuits, Pico Technology will be awarding a PicoScope 3206 


Al 
digit 


Universal Remote Control Receiver 


OST readers will have old IR 
Vi (infrared) remote controls lying 

around the house, usually from 
those old TVs or DVD players that were 
dismantled or recycled years ago. Now you 
can find a use for those ‘remotes’ by using 
them to control the Universal Remote Con- 
trol Receiver. 

The circuit diagram shown in Fig.1 uses a 
PNA4602M IR detector (I used RS Compo- 
nents part number 199-630, but other sup- 
pliers may also stock this item) to receive 
an IR signal from the remote control. It’s a 
neat device, which contains an IR receiver, 
amplifier and demodulator together in a 
single 3-pin package, and it’s normally used 
in circuits where you want to decode an IR 
remote control signal. 


How it works 


The way the circuit (Fig.l) works is as 
follows. When there is no IR coded sig- 
nal present, the output pin of IC] remains 
high. This high signal is fed to the trigger 
input of the 555 timer (IC2), which being 
configured as a monostable timer, prevents 
the timer operating. 

Whenever you briefly press any key 
on the old remote control its IR signal 
is received by ICI and output pin 1 pro- 
duces a train of fast moving high and low 
pulses, which mimic the IR signal code 
sent by the remote control. We are not 
interested in this code, but as soon as the 
signal switches low it triggers the mono- 
stable timer [C2 and its output pin 3 goes 
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lal-storage oscilloscope for the best |U-suomission. In addition a PicoScope 2105 
Handheld ‘Scope worth £199 will be presented tot 


he runner up. 


high for a short period of time, set by re- 
sistor R2 and capacitor C2. 


The 555 timer (IC2) basically acts as a 


debounce circuit, and its output is fed into 
the clock pin (CLK) of the 4013B dual D- 
type flip-flop IC3. Only one half of the chip 
is used in this application, and it is config- 
ured as a bi-stable flip-flop. 

An initial clock signal into IC3 causes 
its output pin 2 to go high, and it remains 
high until another IR signal is received. 
To switch the output off you simply press 
any button on the old remote control again 
and the above operation is repeated, but 
this time IC3’s output is switched off and 
remains off until another signal is received. 
The output basically acts as a toggle switch. 


me Ss VOLT 
BATTERY 


IC1 
PNA4602M 


— In control 


The output pin in this circuit drives an 
LED to show the output status. However, 
the output could be easily interfaced to 
drive a transistor and relay to switch a high- 
er load. The circuit could then be used to 
remotely switch equipment in your garage, 
shed or office. 

Don’t forget that you need to use the cir- 
cuit in an area where IR remote controls are 
not normally present, because the circuit 
will operate with virtually any IR remote 
control. Capacitor C1, positioned across the 
output of the IR receiver (IC1), stops spuri- 
ous triggering from artificial lighting, which 
can occur if this isn’t in place. 

Nick Dossis, 
Middlewich, Cheshire 


R4 
3900 


LED2 


LATCHING 
OUTPUT 


Fig.1. Circuit diagram for the Universal Remote Control Receiver 
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EVERYDAY PRACTICAL 
ELECTRONICS 


Stewart Kearn on 


01202 880299 


or email 
stewart.kearn@wimborne.co.uk 


mescmain at 


C-Bus Shop 


RATS AV transmission C-Bus and 


and IR control system C-Bus Wireless 
Barz Ethernet based Wii. chus-shop.com 
* MPS, communications 
end control sypeberres 
Lier Business Systenns Ltd 
Wii. laser. com Tek +44 (0) 20 8441 9788 
Fax +44 (0) 20 8409 0430 
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MIAC 


Now you are in control 


The MIAC rugged PlCmicro 
microcontroller is an industrial grade 
controller which can be used to 
control a wide range of different 
electronic systems: for mains 
switching, motor control, sensor 
monitoring and much more. 


>» Rugged PIC 18F4455 

>» Programmable from USB - 
download software provided 

>» Compatible with third party 
PlCmicro, BASIC and C compilers 

>» Includes free Flowcode 3 graphical 
programming software (no 
upgrade rights) 

>» 8 digital or analogue inputs 

>» 4 relay outputs - 8A 

>» 4 motor outputs with speed 
control - |12V, 500mA 

>» 4 line 16 character display 

» Control keypad 

>» Fully networkable via built in 
CAN bus : < 

» Lab View and Visual Basic 
compatible - DLL supplied 

>» In-Circuit Debug over USB with 
FlowKit 


TMA 1 VIX 


www. multimedia.com 
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Writing your project with mikroC PRO for PIC 


is a piece of cake 


useful tip: 
you OUY come of out 


| eins, es 
devel ep for PIC complet 


qhe for F 
at a giscount price at 


Ingredients: 


1 x Intuitive IDE 

1 x Powerful ANSI! C compiler 
11 » Software Tools 

28 x Hardware Libraries 

12 x Software Libraries 

1x Comprehensive Help file 
139 x Ready To Use Examples 


$244 


Preparation: 


Get mikroC PRO for PIC. Open existing 
example you wish to start your project 
with. Include additional libraries and add vie 

custom code, Use Free Product Lifetime SeMR@MmEris. | acme 
Tech Support as much as you need. perl | 
Compile the project. Pour the generated 
HEX file into the desired microcontroller 
on EasyPIC6 board and enjoy! 


fin -, 


( -]MikroElektronika GET IT NOW 


DEVELOPMENT TOOLS | COMPILERS | BOOKS 


sth + in hein it gi gle. 


www.mikroe.com 


EPE |S PLEASED TO BE ABLE 


=z) 
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~ = 
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— | — BDF aa x 
baad A | | . 
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microcontrollers. 


Pa evowlone. 


Se 


Bgrowccces SoeLowcocle <) 


fee ab LTT: ho iE oe 


PRICES 


Prices for each of the CD-ROMs above are: (Order form on third page) 


(UK andEU customers  MHobbyist/Student..................0000 eee eee £45.95 inc VAT 
add VAT to ‘plus VAT Professional (Schools/HE/FE/Industry)............ £149 plus VAT 
prices) Professional and Flowkit bundle ................. £175 plus VAT 
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TO OFFER YOU THESE 


Flowcode 4 is one of the World’s most advanced graphical 
programming languages for microcontrollers. The great advantage 
of Flowcode is that it allows those with little experience to create 
complex electronic systems in minutes. 


Flowcode’s graphical development interface allows engineers to 
construct a complete electronic system on-screen, develop a 
program based on standard flow charts, simulate the system 
and then produce hex code for PICmicro® microcontrollers, 
AVR microcontrollers, ARM microcontrollers, dsPIC and PIC24 


poral Pee fi 
Flrwk it 


FlowKit 


The FlowKit can be connected 
to hardware systems to provide 
a real time debug facility where 
it is possible to step through the 
Flowcode program on the PC 
and step through the program in 
the hardware at the same time. 
The FlowKit can be connected 
to your own hardware to 
provide In-Circuit Debug to 
your finished designs. 
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PiICmicro TUTORIALS AND PROGRAMMING 


VERSION 3 PiCmicro MCU 
development board 


Suitable for use with the three software packages 


listed below. 


This flexible development board allows students to learn both 
how to program PlCmicro microcontrollers as well as program 
a range of 8, 18, 28 and 40-pin devices from the 12, 16 and 
18 series PlCmicro ranges. For experienced programmers 
all programming software is included in the PPP utility that 
comes with the development board. For those who want to 
learn, choose one or all of the packages below to use with the 


Development Board. 


e Makes it easier to develop PlCmicro projects 

e Supports low cost Flash-programmable PlCmicro devices 

e Fully featured integrated displays — 16 individual LEDs, quad 
7-segment display and alphanumeric LCD display 


HARDWARE 


e Supports PiCmicro microcontrollers with A/D converters 


e Fully protected expansion bus for project work 


e USB programmable 


e Can be powered by USB (no power supply required) 


ASSEMBLY FOR PiCmicro 
V3 


(Formerly PiCtutor) 

Assembly for PlCmicro microcontrollers V3.0 
(previously known as PlCtutor) by John Becker 
contains a complete course in programming the 
PIC16F84 PlCmicro microcontroller from Arizona 
Microchip. It starts with fundamental concepts 
and extends up to complex programs including 
watchdog timers, interrupts and sleep modes. 

The CD makes use of the latest simulation 
techniques which provide a superb tool for 
learning: the Virtual PICmicro microcontroller, this 
is a simulation tool that allows users to write and 
execute MPASM assembler code for the PIC16F84 
microcontroller on-screen. Using this you can 
actually see what happens inside the PlCmicro 
MCU as each instruction is executed, which 
enhances understanding. 

@ Comprehensive instruction through 45 tutorial 
sections @ Includes Vlab, a Virtual PlCmicro 
microcontroller: a fully functioning simulator @ 
Tests, exercises and projects covering a wide 
range of PlCmicro MCU applications @ Includes 
MPLAB assembler @ Visual representation of a 
PiCmicro showing architecture and functions © 
Expert system for code entry helps first time users 
@ Shows data flow and fetch execute cycle and has 
challenges (washing machine, lift, crossroads etc.) 
@ Imports MPASM files. 


ee 


£161 including VAT and postage, supplied 


SOFTWARE 


‘C’ FOR 16 Series PiCmicro 


Version 4 

The C for PlCmicro microcontrollers CD-ROM is 
designed for students and professionals who need 
to learn how to program embedded microcontrollers 
in C. The CD-ROM contains a course as well as all 
the software tools needed to create Hex code for a 
wide range of PlCmicro devices — including a full 
C compiler for a wide range of PICmicro devices. 

Although the course focuses on the use of the 
PlCmicro microcontrollers, this CD-ROM will 
provide a good grounding in C programming for 
any microcontroller. 

@ Complete course in C as well as C 
programming for PlCmicro microcontrollers © 
Highly interactive course @ Virtual C PlCmicro 
improves understanding @ Includes a C compiler 
for a wide range of PlCmicro devices @ Includes 
full Integrated Development Environment @ 
Includes MPLAB software @ Compatible with most 
PilCmicro programmers @ Includes a compiler for 
all the PICmicro devices. 


ee es 


atthe srs 


iii 


| ee 
ry eee eg 


Minimum system requirements for these 
items: Pentium PC running, 2000, ME, 
XP; CD-ROM drive; 64MB RAM; 10MB 

hard disk space. 
Flowcode will run on XP or later 
operating systems 


with USB cable and programming software 


FLOWCODE FOR PiCmicro 
V4 


Flowcode is a very high level language programming 
system based on flowcharts. Flowcode allows you to 
design and simulate complex systems in a matter of 
minutes. A powerful language that uses macros to 
facilitate the control of devices like 7-segment displays, 
motor controllers and LCDs. The use of macros allows 
you to control these devices without getting bogged 
down in understanding the programming. When used 
in conjunction with the Version 3 development board 
this provides a seamless solution that allows you to 
program chips in minutes. 

@ Requires no programming experience 

@ Allows complex PlCmicro applications to be 

designed quickly 

@ Uses international standard flow chart symbols 

@ Full on-screen simulation allows debugging and 

speeds up the development process. 

@ Facilitates learning via a full suite of 

demonstration tutorials 

@ Produces ASM code for a range of 18, 28 and 

40-pin devices 

@ 16-bit arithmetic strings and string manipulation 

@ Pulse width modulation 

@ |[2C. 

New features of Version 4 include panel 
creator, in circuit debug, virtual networks, C code 
customisation, floating point and new components. 
The Hobbyist/Student version is limited to 4K of 
code (8K on 18F devices) 
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Surfing The Internet 


Net Work 


Alan Winstanley 


Last month, I mentioned problems that I’d experienced with my wire- 
less network, as wireless devices such as my WiFi Pure Evoke radio and 
laptop PCs were prone to ‘going blind’ and falling off the network. 

Over the years, I’ve tried three or four routers from well-know names, 
including Linksys, Belkin and Netgear: all of them failed in use. Often it 
was due to the power supply or a port going down, or WiFi compatibility 
problems. Last time, I’d installed a cheap and cheerful Tenda W300D, 
which has been flawless as far as wired 10/100Mb ethernet was con- 
cerned, but wireless performance became problematic to the point where 
I'd have to power the stubborn router down overnight before any wireless 
device would connect properly next day. I suspected problems with the 
router’s DHCP function, which allocates IP addresses to each device. A 
DHCP firmware update saw no improvement. 

Another bottleneck was building up on my system, though: the Tenda 
router has a typical 4 port 10/100Mbps switch, but my PCs each have 
gigabit Ethernet, as does my Ethernet-connected Netgear backup drive. 
As several major backups and data recoveries each took 20 hours or 
more, this finally prompted me to consider upgrading to something fast- 
er. One option would be to add a gigabit switch onto the existing router, 
but faced with a slightly temperamental Tenda, I opted to find a wireless 
router with a 4-port gigabit switch instead. 


A cool billion 


Some places to take some practical soundings include Amazon re- 
views, which highlight some off-putting feedback about some well- 
known brands, or the Whirlpool network forum in Australia at http:// 
tinyurl.com/levhap. The dedicated site www.broadbandbuyer.co.uk 
is a well-regarded supplier of routers and network equipment, which 
also hosts a lively user forum. This is where the Billion BiPAC 7800N 
ADSL2+ Dual WAN router caught my attention. At £119 the Billion 
is costlher than an average ‘home’ router, but it’s the only device in 
Billion’s range classified as suitable for office and SoHo (small office/ 
home office) use. Its feature list fitted the bill perfectly and a quick trip 
to www. billion.uk.com/product/wireless/7800n.htm confirmed that 
it had all the features I needed, and more. At the time of writing, the 
Billion is also stocked by Maplin (www.maplin.co.uk). 

One issue I’ve raised in the past is ventilation: small home-type rout- 
ers seem to get worryingly hot with constant use, and I even took to 
using a cheap fold-out USB-powered laptop cooling fan (from eBay, 
99p) underneath the Tenda, which 
cooled it considerably. One plus- 
point is that the Billion 7800N 
is probably the best-ventilated 
router that I’ve come across; 
it has grilles all around, on top 
and underneath, underlining its 
always-on SoHo credentials. 

I was soon unpacking the 
Billion router ready for instal- 
lation and found that it had 
several tricks up its sleeve — 
it’s a dual WAN device for use 
either as an ADSL router or a broad- 
band router with cable or fibre, so it’s 
instantly cable-ready for the future. 

If using ADSL, then the cable ethernet 
EWAN port doubles as a handy bonus fifth 
(10/100) port on the gigabit switch. 
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The Billion 7800N is a high performance router suitable 
for small-office/ home office users 


After powering up, a row of green LEDs on the router confirmed 
that — at last! — gigabit Ethernet had arrived in my worklab. As soon as 
I opened my web browser, Billion’s Easy Sign-On screen automatically 
launched — neat. It was then a simple case of entering the basic protocol 
details, username and password and the router immediately connected to 
my ADSL. (You will need those details from your host, so check that 
you have them beforehand.) 


Getting started 


The next port of call was the maker’s website to fetch a firmware 
update for UK users, as recommended by forum users, and then the 
wireless network setup was tackled. Billion’s software caters for be- 
ginners and advanced users and the novice would have no problems 
navigating around the ‘Basic settings’ screen. The main rule is to 
leave at their default settings anything that you’re unsure about. The 
Billion router has plenty for expert users to configure (helped by an 
excellent, well-written manual) so I'll confine my comments to ex- 
plaining some basic aspects and jargon for setting up typical small 
networks. Quite often, default settings are fine, but a tweak may be 
needed sometimes. Configurations could be saved as a file, so you 
can experiment with different setups. 

Early considerations include DHCP (dynamic host configuration 
protocol); most users will probably want the router to allocate unique 
IP addresses to anything connecting to the network, and DHCP will 
probably be enabled by default in the router. The router’s NAT (Net- 
work address translation) feature means in effect that individual net- 
work users can each access the Internet through the system’s single IP 
address, so NAT should be enabled. 

Next come the wireless settings; deep in the router, I chose 
802.11b + g + n mode. Network interface cards (NICs) installed in 
older wireless-connected computers may not be compatible, and may 
need ‘throttling back’ to 802.11b (11Mbps) only. Or consider using 
802.11n USB dongles, which are quite cheap. On one PC tucked 
away in a corner, I extended the wireless NIC’s aerial onto the desk 
to help improve reception a little. Base-mounting WiFi aerials with 

cables can be had on eBay for just a few pounds. 
Next choose an ESSID (extended service set identifier) — a human- 
readable name for your network. Then 
choose a wireless channel, eg, Chan- 
nel 7 or so, which is hopefully less 
crowded than default Channel 1; a tool 
like Netstumbler shows the channels 
; that any bothersome neighbours are 
SSS. occupying. Each connected WiFi de- 
* vice then needs a key inputting that 
you create during setup. In some 
routers, timeslots can be set up 
to turn the wireless service on 
or off automatically, and bur- 

ied in its setup the Billion has a 

daily/ hourly timetable “spread- 

sheet’ for this. 

That’s all for this month — 
remember you can discuss with 
fellow readers in our forum at 
www.chatzones.co.uk or write 

to us at editorial@epemag. 
co.uk 
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CIRCUIT WIZARD 


Circuit Wizard is a revolutionary new software system that 
combines circuit design, PCB design, simulation and CAD/ 
CAM manufacture in one complete package. 


Two versions are available, Standard or Professional. 


By integrating the entire design process, Circuit Wizard provides you with all the tools necessary to 
produce an electronics project from start to finish — even including on-screen testing of the PCB prior 


to construction! 


* Circuit diagram design with component library (6500 components 
Standard, 1500 components Professional) 


* Virtual instruments (4 Standard, 7 Professional) 


* On-screen animation 
* Interactive circuit diagram simulation 
* True analogue/digital simulation 


* Simulation of component destruction 


* PCB Layout 

* Interactive PCB layout simulation 
* Automatic PCB routing 

* Gerber export 

* Multi-level zoom (25% to 1000%) 
* Multiple undo and redo 

* Copy and paste to other software 
* Multiple document support 


This is the software used in our Teach-/n 2017 series. 
Standard £61.25 inc. VAT 
Professional £91.90 inc. VAT 


Minimum system requirements for these CD-ROMs: Pentium PC, CD-ROM drive, 32MB RAM, 10MB hard disk 


space. Windows 2000/ME/XP, mouse, sound card, web browser. 


EPE PIC 


RESOURCES V2 


Version 2 includes 

the EPE PIC 

Tutorial V2 series of 

Supplements 

(EPE April, May, 

June 2003) 

The CD-ROM con- 

tains the following 

Tutorial-related 

software and texts: 

@ EPE PIC Tutorial V2 complete series of 
articles plus demonstration software, 
John Becker, April, May, June ’03 

@ PIC Toolkit Mk3 (TK3 hardware 
construction details), John Becker, 
Oct ’01 

@ PIC Toolkit TK3 for Windows 
(software details), John Becker, 
Nov ’01 

Plus 18 useful texts to help YOU get 

the most out of your PIC programming. 


Price £14.75 inc. VAT 


ELECTRONIC 
COMPONENTS PHOTOS 


A high quality 
selection of over 
200 jpg images 
of electronic 
components. 
This selection of 
high resolution 
photos can be /.s& 
used to enhance 
projects and presentations or to help with 
training and educational material. They 
are royalty free for use in commercial or 
personal printed projects, and can also 
be used royalty free in books, catalogues, 
magazine articles as well as worldwide 
web pages (subject to restrictions — see 
licence for full details). 

Now contains Irfan View image software 
for Windows, with quick-start notes 
included. 


Price £19.95 inc. VAT 


Li Assembly for PiCmicro V3 

LC ‘C’ for 16 Series PiICmicro V4 
C1 Flowcode for PlCmicro 

L] Flowcode for AVR 

L] Flowcode for ARM 

C1 Flowcode for dsPIC & PIC24 


CO) Circuit Wizard — Standard 

CX Circuit Wizard — Professional 

C1 EPE PIC Resources V2 

L) Electronic Components Photos 


Version 


required: 


LI] Hobbyist/Student 

L] Professional 

L] Professional 10 user 
L] Professional + Flowkit 


U1 Site li 


L] PiCmicro Development Board V3 (hardware) 
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cence 


Note: The software on each version is the same, only the licence for use varies. 


Maestro Issue No. ......... 


Card Security COGE sine sacs (The last 3 digits on or just under the signature strip) 


SEs t- 


Please send me: CD-ROM ORDER FORM 


ORDERING 
ALL PRICES INCLUDE UK 
POSTAGE 


Student/Single User/Standard/Hobbyist 
Version price includes postage to most 
countries in the world 
EU residents outside the UK add £5 for airmail 
postage per order 


Professional, Multiple User and Site License 
Versions — overseas readers add £5 to the basic 
price of each order for airmail postage (do not 
add VAT unless you live in an EU (European 
Union) country, then add VAT at 20% or provide 
your official VAT registration number). 


Send your order to: 
Direct Book Service 
Wimborne Publishing Ltd 
113 Lynwood Drive, Merley, Wimborne, 
Dorset BH21 1UU 
——- Toorderbyphonering 
01202 880299. Fax: 01202 843233 
Goods are normally sent within seven days 
E-mail: orders @wimborne.co.uk 
Online shop: 


www.epemag.com 


V1 


YOU CAN’T BEAT A 
CLASSIC BENCHTOP 
SCOPE... 


—_ se lay rete wh powerful 


www.milinst.com 
me UNLESS YOU WANT 
PORTABILITY, LOW-POWER 
a OPERATION, MORE SPACE ON 
SHERWOOD ELECTRONICS YOUR WORKBENCH, AUTOMATIC 
Buy 10 x £1 Special Packs and choose another one FREE MEASUREMENTS WITH STATISTICS, 
ae ae RULERS, DEDICATED SPECTRUM 


FoReOereee VIEWS, COLOR PERO TENCE 


x W005 1.5A bridge rectifiers 


x 5mm Red Leds SP131 
x 5mm Green Leds SP133 
x 5mm Yellow Leds SP134 
x 5mm 1 part Led clips SP135 
x 3mm Red Leds SP136 
x 3mm Green Leds SP137 
x 3mm Yellow Leds SP138 
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x 1N914 diodes SP166 x 1N4003 diodes 
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x 47/25V radial elect caps SP172 x Standard slide switches 
x 470/16V radial elect caps SP173 x 220/25V radial elect caps 


x BC237 transistors SP174 x 22/25V radial elect caps SPREADSH EETS AN D MATLAB, ON SCREEN 


x Mixed transistors SP175 x 1/63V radial elect caps 
200 x Mixed 0.25W CF resistors SP177 x 1A 20mm quick blow fuses 


x Min. PB switches _ SP178 x 2A 20mm quick blow fuses NOTES, AUTO-SCALING ; AUTO-SETU P, 


x 4 metres stranded core wire SP181 x Phono plugs — assorted 
x 8 pin DIL sockets colours 


x 14 pin DIL sockets SP182 x 4.7/63V radial elect caps CUSTOM PROBES, MASK || M IT TESTI NG, 


x 16 pin DIL sockets SP183 x BC547B transistors 
x BC557B transistors SP186 x 1M horizontal trimpots 


x Cmos 4093 SP189 x 4 metres solid core wire 
aoneried ede SP192  Cmos 4066 ALARMS, SELECTABLE LOW _ PASS FILTERING, 
x UU Green Leds ae x 10mm Yellow Leds 
x Cmos 4047 P197 x 20 pin DIL sockets 
20 x Assorted ceramic disc caps SP198 x 24 pin DIL sockets MULTIPLE INTERFACE LANGUAGES AND ONLINE HELP 
100 x Mixed 0.5W CF resistors SP199 x 2.5mm mono jack plugs 
SP200 x 2.5mm mono jack sockets 
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Catalogue available £1 inc. P&P 
or FREE with first order. ~~ . | 
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Email: editorial@wimborne.co.uk 
Matt Pulzer addresses some of the 
general points readers have raised. 
Have you anything interesting to say? 
Drop us a line! 


All letters quoted here have previously been replied to directly 


m 
10,000UF a 
a basic 


A WORTH £79 
LYS ER ce uns 


Design i 5 
e 


accuracy © 


jf LETTER OF THE MONTH 5 


PIC data to PC spreadsheet 


Dear Editor 

In a recent Readout letter, Bob White 
asked about how to get data captured in 
a PIC into an Excel spreadsheet using a 
serial or USB link. I have recently done 
this, and can provide what I think is a 
solution that works well and requires 
very little software to be loaded on the 
PC. A full listing of the assembler code 
that I used on my PIC 1s attached. (Please 
email the office for the file — editor) 

The concept is to format the logged 
data as a comma-separated file in the PIC, 
and send this to the PC using a UART 
connection into a terminal emulation 
program, such as HyperTerminal. The data 
is copied out of the terminal emulation 
buffer on the PC screen and pasted into 
Notepad, where it is saved as a text file. 

(Note, HyperTerminal and Notepad 
are standard programs that come with all 
versions of Windows, and will be found in 
the ‘All programs/Accessories’ folder). 

You then open Excel, and from within 
Excel open the saved text file. Excel will 
launch the text import wizard, where you 
can tell it that you have a delimited file and 
that the delimiter is a comma and the data 


Sourcing sodium hydroxide 


Dear Editor 

I was interested to read Robert Scott’s 
article on UV light boxes in the Aug ’°10 
issue. I have also built a home-made box, 
but using a commercial time switch, and 
with an alarm when time is up. 

With regard to obtaining sodium 
hydroxide, I find it is available (under the 
name ‘caustic soda’) from my local branch 
of Boots. It is in the household section 
because it is used for unblocking drains. It 
might also be worth trying hardware stores. 

I use it at 8% strength to remove the resist 
after etching, and it works fine. I have not 
tried it as a developer, but according to Bill 
Mooney’s book on surface-mount devices, 
it should be used at 1.6% for commercial 
pre-coated PCBs, and 1.2% for home- 
coated boards. The percentages are weight/ 
volume — that is 16 or 12 grams per litre. 


Sebastian Linfoot, Oxford 
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format is ‘General’ (the default). It will then 
import the data into Excel and you can process 
it or produce graphs as you wish. 

So, how do you produce a comma-separated 
file on a PIC and send it using the UART? 
Well, a comma-separated file has the data 
represented as numeric text characters, with a 
comma between each data item and a new line 
character at the end of every set of data. 

For example, if you wanted to send a set of 
data representing the desired position of a servo, 
and the actual position of the servo every 50 
milliseconds, then you might produce a stream 
of data such as 000,000 nl 005,006 nl 010,012 
nl 50, 60 nl, 100,120 nl. This represents five 
sets of data, each with two values and each 
terminated by the new line (nl) character. 

When you collect the data, it will be in the 
form of 8-bit bytes or 16-bit words in binary. So 
before you send it you need to convert these into 
a string of three or five numeric text characters. 

Bob doesn’t mention what PIC he is 
using, but I am using a dsPIC, which is a 16- 
bit processor. Therefore, I am logging and 
sending 16-bit data values as five numeric 
characters to the PC, but the code could be 
easily reduced to send only three characters 
if you are using 8-bit data values. 

My netbook PC has no serial port, so I 
am using the FTDI TTL-232R-PCD TTL to 


USB serial converter board to get the UART 
on my PIC to talk to the PC. Note that there 
are two versions of this PCB — one for 3.3V 
signals and one for 5V. If you choose this 
method, select the one that matches your 
PIC’s power supply voltage. Go to www. 
ftdichip.com, where you will see what 
variants of the PCB are available and also 
be able to download the driver for your 
operating system, which is the only software 
that will need to be loaded onto your PC. 

Code has been included for setting up the 
UART, logging the data into an area of RAM 
on the PIC and for sending it to the PC. 

A couple of final points. The routine adds 
one extra data item to the start of each set, 
which is the number of the dataset being 
sent. And don’t forget to set the speed in 
HyperTerminal to 19200 and parity bits to 
match that being sent by the PIC when you set 
up the connection. 

As a long time reader of EPE magazine, 
Id just like to say: ‘keep up the good work’. 


David Hannaford, Warwickshire 


Many thanks David, that is a most useful 
answer to Bob’s question, and doubtless a 
handy technique for many data-collecting 
PIC project builders. 


Good tips there Sebastian — thanks. And 
as always, readers must treat chemicals, 
including caustic soda, with great respect — 
always follow the instructions. 


Waste not want not 


Dear Editor 

Following on from previous suggestions for 
worthwhile recycling, here are two items that 
are often discarded, but which usually have 
some useful components. 

Microwave ovens have a plethora of small 
items and a very heavy transformer. How- 
ever, the most useful part is the magnetron 
assembly. Remove all the cooling fin metal 
work and the magnetron has a pair of annu- 
lar magnets fitted to it to supply the magnetic 
field when in use. These are very powerful 
and when removed have a multitude of uses. 
In winter, four of them hold a waterproof 
cover Over my Car. 

Disposable cameras with flash should never 
be handed over complete when all the film 


has been exposed. Remove the film cassette 
and pass this to the photo shop. The plastic 
case can be opened fairly easily to remove an 
AA battery. During its use to power the flash 
very little of its charge will have been used 
and there is plenty of life left in it. There is 
a PCB which, when powered by a single AA 
battery, provides a 300V power source. This is 
used to charge an electrolytic capacitor, which 
supplies the energy for the flash tube. At the 
side of the board, the contacts needed to flash 
the tube are easily located. The power source 
has many other uses when a low-power, high- 
voltage source is needed. 


Guy Selby-Lowndes, Billingshurst 


I like the magnet use Guy. Readers 
must ensure that mains-powered machin- 
ery is truly dead before poking around 
inside! Microwave ovens, like CRT televi- 
sions, can store high voltages in capacitors 
long after they have been switched off. If in 
doubt, seek help and advice from a qualified 
expert. 
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Electronics Teach-Iin 3 


The three sections of this book 
cover a very wide range of subjects 
that will interest everyone involved in 
electronics, from hobbyists and students to professionals. 
The first 80-odd pages of Teach-In 3 are dedicated to 
Circuit Surgery, the regular EPE clinic dealing with readers’ 
queries on various circuit design and application problems 
— everything from voltage regulation to using SPICE circuit 
simulation software. 

The second section — Practically Speaking — covers 
the practical aspects of electronics construction. 
Again, a whole range of subjects, from soldering to 
avoiding problems with static electricity and indentifying 
components, are covered. 

Finally, our collection of Ingenuity Unlimited circuits provides 
over 40 different circuit designs submitted by the readers of 
EPE. 

The free cover-mounted CD-ROM is the complete 
Electronics Teach-In 1 book, which provides a broad-based 
introduction to electronics in PDF form, plus interactive 
quizzes to test your knowledge, TINA circuit simulation 
software (a limited version — plus a specially written TINA 
Tutorial), together with simulations of the circuits in the 
Teach-In 1 series, plus Flowcode (a limited version) a high 
level programming system for PIC microcontrollers based 
on flowcharts. 

The Teach-In 1 series covers everything from Electric 
Current through to Microprocessors and Microcontrollers 
and each part includes demonstration circuits to build on 
breadboards or to simulate on your PC. There is also a MW/ 
LW Radio project in the series. 

The contents of the book and Free CD-ROM have been 
reprinted from past issues of EPE. 


160 pages+CD-ROM Order code ETI3 £8.50 


THE AMATEUR SCIENTIST 3-0 ' 

CD-ROM ‘D-ROKN 

The complete collection of The ——e ss) 
Amateur Scientist articles from a 
Scientific American magazine. Over 1,000 classic 
science projects from a renowned source of winning 
projects. All projects are rated for cost, difficulty and 
possible hazards. 

Plus over 1,000 pages of helpful science techniques that 
never appeared in Scientific American. 

Exciting science projects in: Astronomy; Earth Science; 
Biology; Physics; Chemistry; Weather . . . and much more! 
The most complete resource ever assembled for hobbyists, 
and professionals looking for novel solutions to research 
problems. 

Suitable for Mac, Windows, Linux or UNIX. 32MB RAM 
minimum, Netscape 4.0 or higher or Internet Explorer 4.0 


or higher. 
Over 1,000 projects 
CD-ROM Order code ASICD-ROM £19.95 


PROJECT 


CONSTRUCTION 


IC 555 PROJECTS 

E. A. Parr 

Every so often a device appears that is so useful that one 
wonders how life went on before without it. The 555 timer 
is such a device. Included in this book are over 70 circuit 
diagrams and descriptions covering basic and general 
circuits, motor car and model railway circuits, alarms and 
noise makers as well as a section on 556, 558 and 559 
timers. (Note. No construction details are given.) A reference 
book of invaluable use to all those who have any interest in 
electronics, be they professional engineers or designers, 
students or hobbyists. 


Order code BP44 £5.49 


HOW TO USE OSCILLOSCOPES AND OTHER 
TEST EQUIPMENT 

R. A. Penfold 

This book explains the basic function of an oscilloscope, 
gives a detailed explanation of all the standard controls, and 
provides advice on buying. A separate chapter deals with 
using an oscilloscope for fault finding on linear and logic 
circuits, plenty of example waveforms help to illustrate the 
control functions and the effects of various fault conditions. 
The function and use of various other pieces of test 
equipment are also covered, including signal generators, 
logic probes, logic pulsers and crystal calibrators. 


Order code BP267 £5.49 


167 pages 


104 pages 
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DIRECT BOOK 
SERVICE 


The books listed have been selected by Everyday Practical Electronics 
editorial staff as being of special interest to everyone involved in 
electronics and computing. They are supplied by mail order direct to 
your door. Full ordering details are given on the last book page. 


FOR A FURTHER SELECTION OF BOOKS AND CD-ROMS SEE 
THE UK SHOP ON OUR WEBSITE — www.epemag.com 


All prices include UK postage 


ELECTRONIC PROJECT BUILDING 

FOR BEGINNERS 

R. A. Penfold 

This book is for complete beginners to electronic project 
building. It provides a complete introduction to the practical 
side of this fascinating hobby, including the following 
topics: 

Component identification, and buying the right parts; 
resistor colour codes, capacitor value markings, etc; 
advice on buying the right tools for the job; soldering; 
making easy work of the hard wiring; construction 
methods, including stripboard, custom printed circuit 
boards, plain matrix boards, surface mount boards and 
wire-wrapping; finishing off, and adding panel labels; 
getting “problem” projects to work, including simple 
methods of fault-finding. 

In fact everything you need to know in order to get started 
in this absorbing and creative hobby. 


135 pages Order code BP392 £5.99 


TEST EQUIPMENT CONSTRUCTION 

R. A. Penfold 

This book describes in detail how to construct some simple 
and inexpensive but extremely useful, pieces of test 
equipment. Stripboard layouts are provided for all designs, 
together with wiring diagrams where appropriate, plus notes 
on construction and use. 

The following designs are included:- 

AF Generator, Capacitance Meter, Test Bench Amplifier, 
AF Frequency Meter, Audio Mullivoltmeter, Analogue 
Probe, High Resistance Voltmeter, CMOS _ Probe, 
Transistor Tester, TTL Probe. The designs are suitable for 
both newcomers and more experienced hobbyists. 


104 pages Order code BP248 £4.49 
ELECTRONICS TEACH-IN 2 ah) 


CD-ROM 


ey 
USING PIC MICROCONTROLLERS _ 


A PRACTICAL INTRODUCTION 

This Teach-in series of articles was originally published in EPE 
in 2008 and, following demand from readers, has now been 
collected together in the Electronics Teach-In 2 CD-ROM. 

The series is aimed at those using PIC microcontrollers 
for the first time. Each part of the series includes breadboard 
layouts to aid understanding and a simple programmer 
project is provided. 

Also included are 29 PIC N’ Mix articles, also republished 
from EPE. These provide a host of practical programming 
and interfacing information, mainly for those that have 
already got to grips with using PIC microcontrollers. 

An extra four part beginners guide to using the C 
programing language for PIC microcontrollers is also included. 

The CD-ROM also contains all of the software for the 
Teach-In 2 series and PIC N’ Mix articles, plus a range 
of items from Microchip — the manufacturers of the PIC 
microcontrollers. The material has been compiled by 
Wimborne Publishing Ltd. with the assistance of Microchip 
Technology Inc. 

The Microchip items are: MPLAB _ Integrated 
Development Environment V8.20; Microchip Advance Parts 
Selector V2.32; Treelink; Motor Control Solutions; 16-bit 
Embedded Solutions; 16-bit Tool Solutions; Human Interface 
Solutions; 8-bit PIC Microcontrollers; PIC24 Micrcontrollers; 
PIC32 Microcontroller Family with USB On-The-Go; dsPIC 
Digital Signal Controllers. 


CD-ROM Order code ETI2 CD-ROM £9.50 


COMPUTING FOR THE OLDER GENERATION 
Jim Gatenby 

Among the many practical and useful ideas for using your 
PC that are covered in this book are: Choosing, setting up 
and understanding your computer and its main components. 
Writing letters, leaflets, invitations, etc., and other word 
processing jobs. Keeping track of your finances using 
a spreadsheet. Recording details of holidays and other 
ideas using a database. Using the Internet to find useful 
information, and email to keep in touch with family and 
friends. Making ‘back-up’ copies of your work and checking 
for viruses. How to use Windows XP to help people with 
impaired vision, hearing or mobility. 


Order code BP601 £8.99 


308 pages 


AN INTRODUCTION TO RADIO 

WAVE PROPOGATION 

J.G. Lee 

Radio wave propogation is one of the more important 
discoveries made in the early 20th century. Although 
technology lagged behind early experimenters pursued this 
newly discovered phenomenon eagerly for, in understanding 
the physics of propagation, they were discovering more 
about our Universe and its workings. 

Radio wave propagation has its origins in the world of 
solar physics. The Sun’s radiation provides the mechanism 
for the formation of the ionosphere. How the ionosphere is 
formed, and how it provides long-distance communication, is 
carefully explained. Non-ionospheric propagation, including 
‘moonbounce’ or satellite communications, is covered as well. 

This book has been written with the average electronic 
hobbyist in mind. Technical language and mathematics have 
been kept to a minimum in order to present a broad, yet 
clear, picture of the subject. The radio amateur, as well as the 
short-wave listener, will find explanations of the propogation 
phenomena which both experience in their pursuit of 
communications enjoyment. 


Order code BP293 £4.45 


716 pages 
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BEBOP TO THE BOOLEAN BOOGIE 

Second Edition 

Clive (call me Max) Maxfield 

This book gives the “big picture” of digital electronics. This 
in-depth, highly readable, guide shows you how electronic 
devices work and how they’re made. You'll discover 
how transistors operate, how printed circuit boards are 
fabricated, and what the innards of memory ICs look like. 
You'll also gain a working knowledge of Boolean Algebra 
and Karnaugh Maps, and understand what Reed-Muller 
logic is and how it’s used. And there’s much, MUCH more. 
The author’s tongue-in-cheek humour makes it a delight to 
read, but this is a REAL technical book, extremely detailed 
and accurate. 

Contents: Fundamental concepts; Analog versus digital; 
Conductors and insulators; Voltage, current, resistance, 
capacitance and inductance; Semiconductors; Primitive 
logic functions; Binary arithmetic; Boolean algebra; 
Karnaugh maps; State diagrams, tables and machines; 
Analog-to-digital and digital-to-analog; Integrated circuits 
(ICs); Memory ICs; Programmable ICs; Application-specific 
integrated circuits (ASICs); Circuit boards (PWBs and 
DWBs); Hybrids; Multichip modules (MCMs); Alternative 
and future technologies. 


470 pages Order code BEB1 


BEBOP BYTES BACK (and 
the Beboputer Computer 
Simulator) CD-ROM 

Clive (Max) Maxfield 

and Alvin Brown 

This follow-on to Bebop to the 
Boolean Boogie is a multimedia 
extravaganza of information about 
how computers work. It picks up 
where “Bebop |” left off, guiding 
you through the fascinating world 

of computer design . . . and you'll 
have a few chuckles, if not belly 
laughs, along the way. In addition 
to over 200 megabytes of mega- 
cool multimedia, the CD-ROM contains 

a virtual microcomputer, simulating the motherboard and 
standard computer peripherals in an extremely realistic 
manner. In addition to a wealth of technical information, 
myriad nuggets of trivia, and hundreds of carefully drawn 
illustrations, the CD-ROM contains a set of lab experiments 
for the virtual microcomputer that let you recreate the 
experiences of early computer pioneers. If you’re the slightest 
bit interested in the inner workings of computers, then don’t 
dare to miss this! 


£35.99 


Over 800 pages in Adobe Acrobat format 


CD-ROM Order code BEB2 CD-ROM £21.95 


INTERFACING PIC MICROCONTROLLERS 

Martin Bates 

An essential guide to PIC interfacing techniques, using 
circuit simulation to aid learning. 

Explore in detail microcontroller interfacing techniques 
using the popular PIC 16F877. Work through step-by-step 
examples interactively using circuit simulation software, 
supplied as assembly source code. 

Interfacing PIC Microcontrollers provides a thorough 
introduction to interfacing techniques for students, hobbyists 
and engineers looking to take their knowledge of PIC 
application development to the next level. Each chapter 
ends with suggestions for further applications, based on 
the examples given, and numerous line drawings illustrate 
application of the hardware. 

Step-by-step examples in assembly language are used 
to illustrate a comprehensive set of interfaces, and these can 
be run interactively on circuit simulation software, used to aid 
understanding without the need to build real hardware. 

A companion website includes all examples in the text 
which cam be downloaded together with a free version of 
Proteus’s ISIS Lite. 


298 pages Order code NE48 £30.99 
GETTING THE MOST FROM YOUR MULTIMETER 
R. A. Penfold 

This book is primarily aimed at beginners and those of 
limited experience of electronics. Chapter 1 covers the 
basics of analogue and digital multimeters, discussing 
the relative merits and the limitations of the two types. 


In Chapter 2 various methods of component checking 
are described, including tests for transistors, thyristors, 
resistors, capacitors and diodes. Circuit testing is covered 
in Chapter 3, with subjects such as voltage, current and 
continuity checks being discussed. 

In the main little or no previous knowledge or experience 
is assumed. Using these simple component and circuit 
testing techniques the reader should be able to confidently 
tackle servicing of most electronic projects. 


102 pages Order code BP239 £5.49 


DIGITAL GATES AND FLIP-FLOPS 

lan R. Sinclair 

This book, intended for enthusiasts, students and 
technicians, seeks to establish a firm foundation in digital 
electronics by treating the topics of gates and flip-flops 
thoroughly and from the beginning. 

No background other than a basic knowledge of electronics 
is assumed, and the more theoretical topics are explained 
from the beginning, as also are many working practices. 
The book concludes with an explanation of microprocessor 
techniques as applied to digital logic. 


200 pages Order code PC106 £9.95 


OPERATIONAL AMPLIFIER USER’S HANDBOOK 
R. A. Penfold 

The first part of this book covers standard operational amplifer 
based “building blocks” (integrator, precision rectifier, function 
generator, amplifiers, etc), and considers the ways in which 
modern devices can be used to give superior performance in 
each one. The second part describes a number of practical 
circuits that exploit modern operational amplifiers, such as 
high slew-rate, ultra low noise, and low input offset devices. 
The projects include: Low noise tape preamplifier, low 
noise RIAA preamplifier, audio power amplifiers, d.c. power 
controllers, opto-isolator audio link, audio millivolt meter, 
temperature monitor, low distortion audio signalgenerator, 
simple video fader, and many more. 


120 pages Order code BP335 £5.45 


PRACTICAL ELECTRONICS HANDBOOK - 

Fifth Edition. lan Sinclair 

Provides a practical and comprehensive collection of 
circuits, rules of thumb and design data for professional 
engineers, students and enthusaists, and therefore enough 
background to allow the understanding and development of 
a range of basic circuits. 

Contents: Passive components, Active discrete 
components, Circuits, Linear |.C.s, Energy conversion 
components, Digital 1.C.s, Microprocessors and 
microprocessor systems, Transferring digital data, Digital- 
analogue conversions, Computer aids in electronics, 
Hardware components and practical work, Micro-controllers 
and PLCs, Digital broadcasting, Electronic security. 


440 pages Order code NE21 £32.50 


MUSIC, AUDIO AND VIDEO 


QUICK GUIDE TO DIGITAL AUDIO RECORDING 
lan Waugh 
Covers: 

e What computer system you need 

e Sound and digital audio essentials 

¢ What to look for in a sound card 

e What effects to use 

¢ The art of mixing 

¢ How to burn your music to CD 

¢ How to post your songs on the Web 

All modern music recordings use digital audio technology. 
Now everyone with a compouter can produce CD-quality 
recordings and this book shows you how. Written in a clear 
and straightforward style, it explains what digital audio 
recording is, how to use it, the equipment you need, what 
sort of software is available and how to achieve professional 
results. 

Computer-based recording is the future of music and this 
book shows how you can join the revolution now. 


Order code PC121 £7.95 


QUICK GUIDE TO MP3 AND DIGITAL MUSIC 

lan Waugh 

MP3 files, the latest digital music format, have taken the 
music industry by storm. What are they? Where do you get 
them? How do you use them? Why have they thrown record 
companies into a panic? Will they make music easier to 
buy? And cheaper? Is this the future of music? 

All these questions and more are answered in this concise 
and practical book which explains everything you need 
to know about MP8s in a simple and easy-to-understand 
manner. It explains: 

How to play MP8s on your computer; How to use MP3s 
with handheld MP3 players; Where to find MP3s on the 
Web; How MP8s work; How to tune into Internet radio 
stations; How to create your own MP9s; How to record your 
own CDs from MP3 files; Other digital audio music formats. 


Order code PC119 £7.45 


208 pages 


60 pages 
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ELECTRONIC PROJECTS FOR VIDEO 
ENTHUSIASTS 
R. A. Penfold 


This book provides a number of practical designs for video 
accessories that will help you get the best results from 
your camcorder and VCR. All the projects use inexpensive 
components that are readily available, and they are easy to 
construct. Full construction details are provided, including 
stripboard layouts and wiring diagrams. Where appropriate, 
simple setting up procedures are described in detail; no test 
equipment is needed. 


The projects covered in this book include: Four channel 
audio mixer, Four channel stereo mixer, Dynamic noise 
limiter (DNL), Automatic audio fader, Video faders, Video 
wipers, Video crispener, Mains power supply unit. 


Order code BP356 £5.45 


VIDEO PROJECTS FOR THE ELECTRONICS 
CONSTRUCTOR 

R. A. Penfold 

Written by highly respected author R. A. Penfold, this 
book contains a collection of electronic projects specially 
designed for video enthusiasts. All the projects can be simply 
constructed, and most are suitable for the newcomer to 
project construction, as they are assembled on stripboard. 

There are faders, wipers and effects units which will add 
sparkle and originality to your video recordings, an audio 
mixer and noise reducer to enhance your soundtracks and 
a basic computer control interface. Also, there’s a useful 
selection on basic video production techniques to get you 
started. 

Complete with explanations of how the circuit works, 
shopping lists of components, advice on construction, 
and guidance on setting up and using the projects, this 
invaluable book will save you a small fortune. 

Circuits include: video enhancer, improved video 
enhancer, video fader, horizontal wiper, improved video 
wiper, negative video unit, fade to grey unit, black 
and white keyer, vertical wiper, audio mixer, stereo 
headphone amplifier, dynamic noise reducer, automatic 
fader, pushbutton fader, computer control interface, 12 
volt mains power supply. 


£5.45 
ALL PRICES INCLUDE 


709 pages 


124 pages 


UK POST & PACKING 
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FAULT FINDING, CIRCUITS AND DESIGN 


STARTING ELECTRONICS 
Third Edition 
Keith brindley 
A punchy practical introduction to 
self-build electronics. The ideal starting point for home 
experimenters, technicians and students who want to 
develop the real hands-on skills of electronics construction. 
A highly practical introduction for hobbyists, students, 
and technicians. Keith Brindley introduces readers to the 
functions of the main component types, their uses, and the 
basic principles of building and designing electronic circuits. 
Breadboard layouts make this very much a ready-to-run 
book for the experimenter, and the use of multimeter, 
but not oscilloscopes, and readily available, inexpensive 
components makes the practical work achievable in a home 
or school setting as well as a fully equiped lab. 


288 pages Order code NE42 £15.99 


HOW ELECTRONIC THINGS WORK - AND WHAT 
TO DO WHEN THEY DON’T 

Robert Goodman 

You never again have to be flummoxed, flustered or taken 
for a ride by a piece of electronics equipment. With this fully 
illustrated, simple-to-use guide, you will get a grasp on the 
workings of the electronic world that surrounds you — and 
even learn to make your own repairs. 

You don’t need any technical experience. This book 
gives you: Clear explanations of how things work, written 
in everyday language. Easy-to-follow, illustrated instructions 
on using test equipment to diagnose problems. Guidelines 
to help you decide for or against professional repair. Tips on 
protecting your expensive equipment from lightning and other 
electrical damage, lubrication and maintenance suggestions. 

Covers: colour TVs, VCRs, radios, PCs, CD players, 
printers, telephones, monitors, camcorders, satellite dishes, 
and much more! 


Order code MGH3 £21.99 


394 pages 


PIC IN PRACTICE (2nd Edition) 

David W. Smith 

A graded course based around the practical use of the 
PIC microcontroller through project work. Principles 
are introduced gradually, through hands-on experience, 
enabling hobbyists and students to develop their 
understanding at their own pace. The book can be used 
at a variety of levels. 

Contents: Introduction to the PIC microcontroller; 
Programming the 16F84 microcontroller; Introductory 
projects; Headers, porting code — which micro?; Using 
inputs; Keypad scanning; Program examples; The 16C54 
microcontroller; Alphanumeric displays; Analogue to 
digital conversion; Radio transmitters and_ receivers; 
EEPROM data memory; Interrupts; The 12 series 8-pin 
microcontroller; The 16F87X microcontroller; The 16F62X 
microcontroller; Projects; Instruction set, files and registers; 
Appendices; Index. 


308 pages Order code NE39 £24.99 
PRACTICAL ELECTRONIC FAULT FINDING AND 
TROUBLESHOOTING 

Robin Pain 


To be a real fault finder, you must be able to get a feel for 
what is going on in the circuit you are examining. In this 
book Robin Pain explains the basic techniques needed to 
be a fault finder. 

Simple circuit examples are used to illustrate principles and 
concepts fundamental to the process of fault finding. This is 
not a book of theory, it is a book of practical tips, hints and 
rules of thumb, all of which will equip the reader to tackle 
any job. You may be an engineer or technician in search 
of information and guidance, a college student, a hobbyist 
building a project from a magazine, or simply a keen self- 
taught amateur who is interested in electronic fault finding but 
finds books on the subject too mathematical or specialised. 

The fundamental principles of analogue and digital fault 
finding are described (although, of course, there is no such 
thing as a “digital fault” — all faults are by nature analogue). 
This book is written entirely for a fault finder using only the 
basic fault-finding equipment: a digital multimeter and an 
oscilloscope. The treatment is non-mathematical (apart 
from Ohm’s law) and all jargon is strictly avoided. 


Order code NE22 £41.99 


A BEGINNERS GUIDE TO CMOS DIGITAL ICs 

R. A. Penfold 

Getting started with logic circuits can be difficult, since 
many of the fundamental concepts of digital design tend 
to seem rather abstract, and remote from obviously useful 
applications. This book covers the basic theory of digital 


274 pages 


BOOK ORDERING DETAILS 


All prices include UK postage. For postage to Europe (air) and the rest of the world (surface) please add 
£3 per book. For the rest of the world airmail add £4 per book. CD-ROM prices include VAT and/or postage 
to anywhere in the world. Send a PO, cheque, international money order (£ sterling only) made payable to 
Direct Book Service or card details, Visa, Mastercard, or Maestro to: DIRECT BOOK SERVICE, WIMBORNE 
PUBLISHING LIMITED, 113 LYNWOOD DRIVE, MERLEY, WIMBORNE, DORSET BH21 1UU. 


Books are normally sent within seven days of receipt of order, but please allow 28 days for delivery — more for overseas orders. 
Please check price and availability (see latest issue of Everyday Practical Electronics) before ordering from old lists. 


For a further selection of books see the next two issues of EPE. 
Tel 01202 880299 Fax 01202 843233. E-mail: dbs @wimborne.co.uk 
Order from our online UK shop at: www.epemag.com 
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electronics and the use of CMOS integrated circuits, but 
does not lose sight of the fact that digital electronics has 
numerous “real world” applications. 

The topics covered in this book include: the basic concepts 
of logic circuits; the functions of gates, inverters and other 
logic “building blocks”; CMOS logic i.c. characteristics, and 
their advantages in practical circuit design; oscillators and 
monostables (timers); flip/flops, binary dividers and binary 
counters; decade counters and display drivers. 


Order code BP333 £5.45 


779 pages 


AUDIO AMPS 


BUILDING VALVE AMPLIFIERS 

Morgan Jones 

The practical guide to building, modifying, fault-finding 
and repairing valve amplifiers. A hands-on approach to 
valve electronics — classic and modern — with a minimum 
of theory. Planning, fault-finding, and testing are each 
illustrated by step-by-step examples. 

A unique hands-on guide for anyone working with 
valve (tube in USA) audio equipment — as an electronics 
experimenter, audiophile or audio engineer. 

Particular attention has been paid to answering questions 
commonly asked by newcomers to the world of the vacuum 
tube, whether audio enthusiasts tackling their first build, or 
more experienced amplifier designers seeking to learn the 
ropes of working with valves. The practical side of this book 
is reinforced by numerous clear illustrations throughout. 


368 pages Order code NE40 £29.00 
AUDIO AMPLIFIER PROJECTS 

R. A. Penfold 

A wide range of useful audio amplifier projects, each 
project features a circuit diagram, an explanation of the 


IN PR ACTICE 


circuit operation and a stripboard layout diagram. All 
constructional details are provided along with a shopping 
list of components, and none of the designs requires the 
use of any test equipment in order to set up properly. All 
the projects are designed for straightforward assembly on 
simple circuit boards. 

Circuits include: High impedance mic _ preamp, 
Low impedance mic preamp, Crystal mic preamp, 
Guitar and GP preamplifier, Scratch and rumble filter, 
RIAA preamplifier, Tape preamplifier, Audio limiter, 
Bass and treble tone controls, Loudness filter, Loudness 
control, Simple graphic equaliser, Basic audio mixer, Small 
(300mW) audio power amp, 6 watt audio power amp, 20/32 
watt power amp and power supply, Dynamic noise limiter. 

A must for audio enthusiasts with more sense than 
money! 


Order code PC113__ Baglebasrt 


VALVE AMPLIFIERS 

Second Edition. Morgan Jones 

This book allows those with a limited knowledge of the 
field to understand both the theory and practice of valve 
audio amplifier design, such that they can analyse and 
modify circuits, and build or restore an amplifier. Design 
principles and construction techniques are provided so 
readers can devise and build from scratch, designs that 
actually work. 

The second edition of this popular book builds on its 
main strength — exploring and illustrating theory with 
practical applications. Numerous new sections include: 
output transformer problems; heater regulators; phase 
splitter analysis; and component technology. In addition 
to the numerous amplifier and preamplifier circuits, three 
major new designs are included: a low-noise single-ended 
LP stage, and a pair of high voltage amplifiers for driving 
electrostatic transducers directly — one for headphones, one 
for loudspeakers. 


716 pages 


Order code NE33 £40.99 
v7 


288 pages 


PCB SERVICE 


Printed circuit boards for most recent EPE constructional projects are 
available from the PCB Service, see list. These are fabricated in glass fibre, 
and are fully drilled and roller tinned. Double-sided boards are NOT plated 
through hole and will require ‘vias’ and some components soldering to 
both sides. All prices include VAT and postage and packing. Add £1 per 
board for airmail outside of Europe. Remittances should be sent to The 
PCB Service, Everyday Practical Electronics, Wimborne Publishing 
Ltd., 113 Lynwood Drive, Merley, Wimborne, Dorset BH21 1UU. 
Tel: 01202 880299; Fax 01202 843233; Email: orders@epemag.wimborne. 
co.uk. On-line Shop: www.epemag.com. Cheques should be crossed and 
made payable to Everyday Practical Electronics (Payment in £ sterling only). 


NOTE: While 95% of our boards are held in stock and are dispatched 
within seven days of receipt of order, please allow a maximum of 28 days 
for delivery — overseas readers allow extra if ordered by surface mail. 
Back numbers or photocopies of articles are available if required — see the 
Back Issues page for details. WE DO NOT SUPPLY KITS OR COMPONENTS 
FOR OUR PROJECTS. 


Please check price and availability in the latest issue. 
A large number of older boards are listed on, and can be 
ordered from, our website. 


Boards can only be supplied on a payment with order basis. 


PRQ ECTTITLE 


FEBRUARY 710 
* Charge Controller For 12V Lead-Acid Batteries 
* Working Days Alarm Clock 
— Main (double-sided) 
— Display (double-sided) 
Low-cost LPT-To-I?C Interface 
MARCH "10 
* High-Accuracy Digital LC Meter — Main 
— Adaptor 
— Shorting Bar 
2-way Stereo Headphone Adaptor 
* Shift Indicator and Rev Limiter For Cars — Main 
— Display | 
APRIL’10 
USB Power Injector 
Alternative 12V 10A Power Supply 
LM3909 Replacement Module 


MAY ‘10 

* Water Tank Level Meter 

* dsPIC/PIC Programmer  -—Main Board 
— Adaptor 


JUNE’10 
* PIC-Based Musical Tuning Aid 
* Water Tank Level Meter — Base 
— Switch 
* DSP Musicolour — Main 
— Display 


JULY’I0 
* ColdAlert Hypothermia Alarm 
* Swimming Pool Alarm 


AUGUST 'I0 
* PIC-Based Flexitimer (double-sided) 
DSP Musicolour — Remote Control Receiver 
* UV Lightbox — Exposure Controller 
— Display/Timer 
Ultra LD 200W Power Amplifier (double-sided) 


SEPTHVIBR “10 

Ultra-LD 200W Power Amplifier — Power Supply 
Low-Voltage Adjustable Regulator 
Balanced/Unbalanced Converter 

Planet Jupiter Receiver (double-sided) 


OCTOBRR 10 
Bridge Adaptor For Stereo Power Amps 
CDI Module For Small Motors 
* LED Strobe and Tachometer — 1 
— Main Board 
— Switch Board 


NOVEVIBR "10 
* Railpower — Main Board 
— Display Board 


78 


PRQ ECTTITLE 


* LED Strobe and Tachometer — 2 
— Photo-Interrupter 


— IR Reflect Amp 
* USB Clock with LCD Readout — 1 


Balanced MIC Preamp for PCs and MP3 Players 


DECHVIBRR "10 
12V Speed Controller or 12V Lamp Dimmer 

* Digital RF Level & Power Meter 

— Main Board 

— Head-end Board 

— RF Attenuator Board 


JANUARY 1. 
* Multi-Purpose Car Scrolling Display 

— Main Board 

— Display Board 
USB-Sensing Mains Power Switch 
* 433MHz UHF Remote Switch 
— Transmitter 
— Receiver 


FEBRUARY ‘IL 
Time Delay Photoflash Trigger 7h £9 #2 
Tempmaster Mk.2 


MARCH ’11 
* GPS Synchronised Clock 793 £8.02 

* Digital Audio Millivoltmeter 794 1,34 
Theremin 795 £1053 
USB Printer Share Switch 


MARCH ’11 
Multi-Message Voice Recorder 797 £7.53 
PIR-Triggered Mains Switch 

* Intelligent Remote-Controlled Dimmer 


* All software programs for EPE Projects marked with a star, and 
others previously published can be downloaded free from the Library 
on our website, accessible via our home page at: www.epemag.com 


PCB MASTERS 


PCB masters for boards published from the March ’06 issue onwards 
can also be downloaded from our website (www.epemag.com); go 
to the ‘Library’ section. 


EPE PRINTED CIRCUIT BOARD SERVICE 
Order Code Project Quantity Price 
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(cheque/PO in £ sterling only) to: 


Signature 


Note: You can also order PCBs by phone, Fax or Email or via the 
Shop on our website on a secure server: 


http://www.epemag.com 
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CEASSIFIEDFADVERTISEMENTS 


; a ' If you want your advertisements to be seen by the largest readership at the 
J — iJ VERY, DAY P most economical price our classified page offers excellent value. The rate for 

——-y p— it 
j i ; ij 


= , semi-display space is £10 (+VAT) per centimetre high, with a minimum height 
; RONK of 2-5cm. All semi-display adverts have a width of 5.5cm. The prepaid rate for 
* classified adverts is 40p (+VAT) per word (minimum 12 words). 


All cheques, postal orders, etc., to be made payable to Everyday Practical 
Electronics. VAT must be added. Advertisements, together with remittance, 
nn h | nt t Ev r Pr ti | El tr ni A Vv rti ment 11 L nw 
Everyday Practical Electronics reaches more UK readers than any other e oe eee ‘4 eryday Practical Electronics oi emaemenis: Nie y soe 
4 = . . Drive, Merley, Wimborne, Dorset, BH21 1UU. Phone: 01202 880299. Fax: 01202 
UK monthly hobby electronics magazine, our sales figures prove it. We . . : ; . 
have been the leading monthly magazine in this market for the last 843233. Email: epeads @ wimborne.co.uk. For rates and information on display 
twenty-five years. and classified advertising please contact our Advertisement Manager, Stewart 
Kearn as above. 


BTEC ELECTRONICS 
TECHNICIAN TRAINING 


NATIONAL ELECTRONICS 
VCE ADVANCED ICT 
HNC AND HND ELECTRONICS 
FOUNDATION DEGREES 
NVQ ENGINEERING AND IT 
DESIGN AND TECHNOLOGY 


LONDON ELECTRONICS COLLEGE 
20 PENYWERN ROAD 
EARLS COURT, LONDON SW5 9SU 
TEL: (020) 7373 8721 
www.lec.org.uk 


BOWOOD ELECTRONICS LTD 


Suppliers of Electronic Components 
Place a secure order on our website or call our sales line 
All major credit cards accepted 
Web: www.bowood-electronics.co.uk 
Unit 10, Boythorpe Business Park, Dock Walk, Chesterfield, 
Derbyshire S40 2QR. Sales: 01246 200222 
Send 60p stamp for catalogue 


|/Robot Bits 


Robots, Arduino & more! 


spinvent. co. uk 
www. RobotBits.ca, uk 


0845 5 191 282 


LCD Displays & 
Controllers from 
£6.50 
Serial, I2C, 
VT100 


-- cavent with the Propeller 
sicrocentraller and Spin pregraaeing 
language from Paral lax 


www.byvac.com 


THS SPACE COULDBE 
YOURS FOR) UST £25 


pl us VAT NOVELTY ONE TRANSISTOR MW VALVES AND ALLIED COMPONENTS 
Contact Stewart on 01202 880299 RADIO KIT. No external aerial required all IN STOCK. Phone for free list. Valves, 
CRIN) ode Ea Ls complete with ready wound ferrite rod, case, books and magazines wanted. Geoff Davies 


battery and earphones. Send cheque or postal (Radio), tel. 01788 574774. 
> order for £10 with your address to B.A. Jack- 
son, 32 Seymour Street, Peterlee, SR8 4EN. 


ELECTRONICS 
TEACH-IN 3 


The how and why of circuit esign & . 


PRACTICALLY 


dr The techniques of electronic 
project construction 


tr Over 40 different circuit Ideas 


Y &> _rovuishing Ltd 29,, AN 
S - \ TWO TEACH-INS oe 
. THE PRICE OF ONE! 
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Europe s Largest 
Surplus Store 


20,000,000 Items on line NOW ! 


New items added dail 
Established for over 25 years, UK company 
Display Electronics prides itself on offering a 
massive range of electronic and associated 
electro-mechanical equipment and parts to 
the Hobbyist, Educational and Industrial 
user. Many current and obsolete hard to get 
parts are available from our vast stocks, 
which include: 

# 6,000,000 Semiconductors 

@ 5,000 Power Supplies 

@ 25,000 Electric Motors 

# 10,000 Connectors 

# 100,000 Relays & Contactors 

@ 2000 Rack Cabinets & Accessories 
# 4000 Items of Test Equipment 

@ 5000 Hard Disk Drives 


Display Electronics Telephone 


29 / 35 Osborne Road 
Geonienied [44] 020 8653 3333 
Surrey UK CR7 8PD Fax [44] 020 8653 8888 


Rechargeable Batteries With Solder Tags 


NIMH NICAD 


Instrument case with edge connector and screw terminals 
Size 112mm x 52mm _ x 105mm tall 


This box consists of a cream base with a PCB slot, a cover plate to pro- 
tect your circuit, a black lid with a 12 way edge connector and 12 screw 
terminals built in (8mm pitch) and 2 screws to hold the lid on. The cream 
bases have minor marks from dust and handling price £2.00 + 
VAT(=£2.35) for a sample or £44.00+VAT (=£51.70) for a box of 44. 
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866 battery pack originally intended to be 
used with an orbitel mobile telephone it 
contains 10 1-6Ah sub C batteries (42 x 
22 dia. the size usually used in cordless 
screwdrivers etc.) the pack is new and 
unused and can be broken open quite 
easily £7.46 + VAT = £8.77 


Please add £1.66 + VAT = £1.95 seslAge & packing per order 


JPG Electronics 


Shaws Row, Old Road, Chesterfield, S40 2RB. 

Tel 01246 211202 Fax 01246 550959 
www.JPGElectronics.com 
Mastercard/Visa/Switch 
Callers welcome 9.30 a.m. to 5.30 p.m. Monday to Saturday 


NEXT MONTH 


BUILD A 6-DIGIT GPS CLOCK 

Looking for a digital clock that’s always dead accurate? This one derives 
its time signals from the global positioning satellite (GPS) system, so it 
never needs setting or adjusting. 


DIGITAL AUDIO OSCILLATOR 

If audio is your thing, then you could use this compact and inexpensive 
digital audio oscillator. It can produce sine, square, triangle and 
sawtooth waveforms in the frequency range from 10Hz to 30kHz | 
and features three output ranges: 20mV, 200mV and 1V. 


A PRECISION CURRENT ADAPTOR FOR 
MULTIMETERS 

This may come as a surprise, but many digital multimeters 

are unable to make accurate current measurements in low- 
voltage circuits because of their ‘burden voltage’. This precision 
current adaptor solves that problem and greatly improves the 
measurement accuracy. 


SIMPLE VOLTAGE SWITCH FOR CAR SENSORS 
This Simple Voltage Switch can be used anywhere you want a relay to 
switch when a voltage reaches a preset level. It has lots of applications 
in cars, but can be used in any application where you have 12V DC 
available. Having switched the relay on, it will then switch if off as the 
voltage being monitored drops below the preset level. 


TEACH-IN 2011 — PART 7 
Mike and Richard Tooley continue our indispensable back-to-basic 
series with a look at timers and pulse generators. 
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Atlas DCA - Semiconductor Analyser with Carry Case! 


The famous Peak Atlas. Still great value even 
though VAT has gone up! 
Fitted with sturdy universal premium gold probes. 
Just connect any way round to identify the 
type of part, pinout and lots of 
parameters. 


Supplied with battery, comprehensive 
user guide and padded hard carry 
case (choose either blue or black). 
Supports bipolar transistors, 
| darlingtons, MOSFETs, diodes, 
LEDs and more... 


www.stewart-of-reading.co.uk 


Check out our website, 1,000’s of items in stock. 


AGILENT E4402B Spectrum Analyser HP53131A Universal Counter Opt 001 
100HZ — 3GHZ with Option 1DN Tracking Unused Boxed 3GHZ............-..... £850 
Gen; 1 DR Narrow Res; A4H GPIB, Unused Boxed 225MHZ............... £595 
MOB ese ticte neers ateea teen aetna! £5800 | Used 225MHZ..............2::::02eeeeees £495 
HP 35670A FFT Dynamic Signal Analyser | HP8569B Spectrum Analyser 0.01- 
2 Channel. Unused in original box...24000 | 22GHZ............. 2... c cece eeee eee ee £1000 
AGILENT 83752B Synthesised Sweeper HP54616C Oscilloscope Dual Trace 
$a 0.01-2O0GHZ........... cece cee cece eens £6000 | 500MHZ 2GS/S Colour.............. £1250 
AGILENT 8753ET HP83711B Synthesised 1-20GHZ with QUART LOCK 10A-R Rubidium 
TRANSMISSION/REFLECTION Opt IEI Attenuator...................6.08 £5000 | Frequency Standard.................. £1000 
NETWORK ANALYSER 300KHZ-3GHZ | AGILENT/HP E4431B Signal Generator PENDULUM CNT90 Timer/Counter 
£POA 250KHZ-2GHZ Digital Modulation...£2750 | /Analyser 20GHZ...................058 £1950 
: MARCONI 2024 Signal Generator 9KHZ- | ADVANTEST R3465 Spectrum MARCONI 2945 RADIO 
2.4GHZ Opt 04................2008: bien £1250 | Analyser 9KHZ-8GHZ..................204- £- 
MARCONI/IFR 2030 Signal Generator HP Programmable Attenuators £300 COMMUNICATION TEST 
1OKHZ-1.35 GHZ o......eeeeeeeeeeeeeeeeee £995 | each SET with.... 
MARCONI 2022E Synthesised AM/FM 33320H DC-18GHZ 11db Opt 01 — 600 ohm Matching Unit 
Signal Generator 10KHZ-1.01GHZ ...£500 | 33321G DC-18GHZ 70db Opt 03 — High Stability OC XO 
HP8566A Spectrum Analyser 100HZ- Many others available Opt 06 — Memory Card Drive with Real 
22GHZi 3 sessed vee sities ee xnndeeeeneese £1950 | AGILENT E3610A Power Supply 0-8v Time Clock Opt 08 — SSB Demodulator 
HP33120A FUNCTION GENERATOR HP8568A Spectrum Analyser 100HZ- 0-3A/0-15v 0-2A Unused Opt 21 Demodulation Filters 
100 MicroHZ — 15MHZ 15OOMHZ........ 2... cece cece ee ees £1250 | AGILENT E3611A Power Supply 0-20V Opt 22 POCSAG Decode 
Unused Boxed £595 AVCOM PSA-37D Spectrum Analyser 0-1.5A/0-35V 0-0.85V Unused Only £3,000 
Used, No Moulding, No Handle £395 IMHZ-4.2GA Zen ei ccscsaiioeterscuubesetesenweus £- | CIRRUS CRL254 Sound Level Meter 
ee | IFR 1200S Service Communication with Calibrator...................ce cece eee £95 
| oe ee MGIitOls gc): ceexcrssaanctevaxeeecinuevuuas £1500 | CEL328 Digital Sound Level Meter with 
—} a= HP6624A Power Supply 0-20V 0-2A CEL284/2 Acoustical Calibrator........... 
Twice, 0-7V 0-5A; 0-50V 0.8A CEL 269 Digital Sound Level Meter with 
Special price.................c cece eee eee ees 350 CEL282 Acoustical Calibrator 
AVO/MEGGAR FT6/12 AC/DC FLUKE SCOPEMETERS 
breakdown tester...................0sssseeeee£- | 99B Series Il 2Ch 100MHZ 5GS/G from 
MARCONI/IFR/AEROFLEX 2025 Signal £325 b 
— Sale pte ae GHZ ve ve High ae 97 2Ch 50MHZ 25MS/S from £225 
MARCONI 2955 RADIO pt igh Power etc As New....... HP 8569B 
COMMUNICATION TEST SET SOLARTRON 1250 Frequency Response | STEWART of READING Spectrum Analyser 0.01-22GHZ 
ONLY £625 Analyser 10UHZ-65KHZ ionewne Peer £995 17A King Street, Mortimer, £995 
Also available Marconi 2955A & 2955B_ | HP3324A Synthesised Function Near Reading RG7 3RS 
HP41800A Active Probe siiz.SooMiiz| Telephone: 0118 933 1111 
Fax: 0118 933 2375 
9am — 5pm Monday - Friday 
Used Equipment — GUARANTEED HP6269B Power Supply 
Prices plus Carriage and VAT 0-40V 0-50A £400 
ENI 3200L RF POWER AMPLIFIER k ahili 
250KHZ-150MHZ 200W 55Db | = i . ba eee CATING steps AMPLIFIER RESEARCH 
AGILENT E4421B 250KHZ-3GHZ POWER AMPLIFIER 1000LAM8 £POA 
Signal Generator £2500 


PRE-PRODUCTION CHECK | 


Board Edge Defined - CHECK 

All Components Placed - CHECK 
All Connections Routed - CHECK 
Power Planes Generated - CHECK 


No Design Rule Violations - CHECK 


PROTEUS 7 


Design with Confidence: 


The latest version of the Proteus PCB Design Software provides a multi- 
stage Pre-Production Check which will detect and prevent a variety of 
common mistakes prior to your boards being sent for manufacture. 


PROTEUS DESIGN SUITE reatures: 


Hardware Accelerated Performance. » Board Autoplacement & Gateswap Optimiser. 
Unique Thru-View™ Board Transparency. Direct CADCAM, ODB++, IDF & PDF Output. 
Over 35k Schematic & PCB library parts. Integrated 3D Viewer with 3DS and DXF export. 
Integrated Shape Based Auto-router. Mixed Mode SPICE Simulation Engine. 

Flexible Design Rule Management. Co-Simulation of PIC, AVR, 8051 and ARM. 
Polygonal and Split Power Plane Support. =» Direct Technical Support at no additional cost. 


abcente r/ \ / \ / \ wwiabcenter.com Visit our website or 
phone 01756 753440 


Electronics 
Labcenter Electronics Ltd. 53-55 Main Street, Grassington, North Yorks. BD23 5AA. for more details 
Registered in England 4692454 Tel: +44 (0)1756 753440, Email: info@labcenter.com 


